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Abstract!
"
Atrial" fibrillation" (AF)" is" the" most" common" cardiac" arrhythmia" and" is" associated" with"
significant"morbidity"and"mortality."Historically,"antiOarrhythmic"drug"(AAD)"therapy"achieves"
subOoptimal" efficacy." The" last" two" decades" have" seen" major" advances" in" cardiac"
electrophysiology," with" catheter" ablation" now" becoming" the" treatment" of" choice" for" AF."
However," although" outcomes" for" paroxysmal" AF" are" excellent," the" optimal" interventional"
strategy" for" patients" with" longOstanding" persistent" atrial" fibrillation" (LSPAF)" has" yet" to" be"
determined." Catheter" ablation" in" LSPAF" can" achieve" a" modest" degree" of" success," but" the"
majority" of" patients" require" more" than" one" procedure." Thoracoscopic" surgical" ablation," a"
relatively"new"technique,"with"the"potential"to"improve"clinical"outcomes"in"AF,"has"yet"to"be"
evaluated"in"a"headOtoOhead"trial"in"LSPAF.""
The"Catheter"Ablation"Versus"Thoracoscopic"Surgical"Ablation" in"Persistent"Atrial"Fibrillation"
(CASAOAF)"was"a"prospective,"nonOrandomised"clinical" trial,"designed" to" investigate"de"novo"
patients"with"LSPAF"and"left"ventricular"ejection"fraction"(LVEF)"of"≥"40%."Patients"underwent"
either" thoracoscopic" surgical" ablation" or" catheter" ablation." The" primary" endOpoint" was"
freedom"from"atrial"arrhythmias"after"a"single"procedure"without"AADs."Secondary"endOpoints"
included:"clinical"success"(defined"as"75%"or"greater"reduction"in"AF"burden),"multiOprocedure"
success," change" in" atrial" anatomy" and" function," and" change" in" AF" symptom" score" (EHRA"
score)"and"quality"of"life"assessments"(SFO36).""
This"thesis"aims"to"investigate"the"interventional"techniques"used"in"the"management"of"AF,"
with" the" main" focus" on" the" CASAOAF" study." In" addition," the" Complex" Fractionated" Atrial"
Electrogram" subOstudy" assesses" the" atrial" substrate" and" its" role" in" AF," whilst" the" Cardiac"
!!
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Magnetic" Resonance" subOstudy" investigates" the" changes" in" atrial" and" ventricular" chambers"
preO"and"postOablation."The"final"study"presented"in"this"thesis"concerns"the"effects"of"using"
exciting"new"Contact"Force"technology"on"the"acute"efficacy"of"pulmonary"vein"isolation"in"AF"
ablation.
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Chapter!1!
Introduction!
!
1.1!Background!
1.1.1! Brief!History!of!Atrial!Fibrillation!
The"earliest"historical"description"of"atrial"fibrillation"(AF)"dates"back"to"approximately"4000"years"
ago" from" ‘The"Yellow"Emperor's"Classic"of" Internal"Medicine’"by"Huang"Ti"Nei"Ching"Su"Wen."He"
wrote:" ‘When" the" pulse" is" irregular" and" tremulous" and" the" beats" occur" at" intervals," then" the"
impulse" of" life" fades’."1" In" 1628,"William" Harvey" observed" ‘fibrillation" of" the" auricles’" in" a" dying"
heart," whilst" Sir" Thomas" Lewis" in" the" early" 20th" Century" was" the" first" to" document" AF" on" an"
electrocardiograph,"and"described"the"fine"diastolic"oscillatory"activity"as"fibrillatory"activity"in"the"
atria.2"3" Several" mechanisms" of" AF" have" since" been" proposed," including" excess"multiple" ectopic"
activity"(Winterberg),"singleOcircuit"reOentrant"activity"(Lewis)"and"the"multiple"wavelet"hypothesis"
(Moe)." 4" The" latter," based" on" the" notion" of" multiple" reOentry" circuits" with" selfOperpetuating"
activation"wavelets"propagating"and"colliding"on"heterogeneous"atrial"tissue,"and"supported"by"his"
computer"modelling"work," became" the"most"widely" accepted" theory" underpinning" this" complex"
arrhythmia.""
1.1.2!Prevalence,!incidence!and!impact!of!AF!!
AF"is"the"commonest"arrhythmia"encountered"in"modern"day"clinical"practice."The"Global"Burden"
of"Disease"2010"Study"estimated"the"prevalence"of"AF"worldwide"to"be"approximately"33.5"million"
with"an"incidence"of"5"million"new"cases"per"year.5"As"the"prevalence"of"AF"increases"with"age,"an"
epidemic" is"predicted"as"the"worldwide"population"ages,"coupled"with" improved"survival" from"all"
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major" cardiovascular" conditions" such"as" ischaemic"heart"disease"and"heart" failure."Data" from"US"
population" statistics"predicts" the"prevalence"of"AF" in" the"US"will" exceed"12"million"by"2050.6"AF"
independently" increases" the" risk" of" stroke" 4O" to" 5Ofold" in" all" ages," with" at" least" 15O20%" of" all"
debilitating" strokes" due" to" underlying" AF.6" In" the" UK" alone" the" cost" implication" of" AF" and" its"
associated"morbidity" is" 0.9O2.7%" of" the" total" healthOcare" expenditure.7" Therefore," the" potential"
future"impact"on"healthcare"costs"of"this"arrhythmia"should"not"be"underestimated."
"
"
!
Figure!1.1!Increasing!incidence!of!AF!
Incidence'of'atrial'fibrillation:'Estimated'age4adjusted'global'incidence'(per'100'000'person4years)'for'women'
and'men'at'two'time'points;'1990'and'2010,'showing'a'clear'increase.'Reproduced'with'permission.'5'
!
!
!
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1.1.3!Aetiology,!pathophysiology!and!mechanisms!of!AF!
The" pathophysiology" of" AF" is" complex," multifactorial" and" still" not" fully" understood." AF" is"
associated" with" numerous" medical" conditions" including" ischemic" heart" disease," hypertension,"
valvular"disease,"diabetes"and"thyroid"disease.1"More"recently," lifeOstyle"related"factors"have"also"
been"implicated,"such"as"excess"alcohol"consumption,"athletic"levels"of"exercise,"and"obesity"in"the"
context" of" obstructive" sleep" apnoea.8" Furthermore," there" has" been" increasing" interest" in" the"
genetic"associations"of"AF"with"several"epidemiological"studies"confirming"the"heritability"of"AF."9"
The"aforementioned"conditions"may"result"in"anatomical"remodelling"of"the"atria"via"dilatation"and"
fibrosis," which" in" turn" causes" electrical" remodelling" due" to" altered" atrial" (slow)" conduction"
velocities"and"refractoriness"coupled"with"altered"autonomic"tone."As"the"disease"progresses,"this"
electroanatomical" remodelling" provides" a" ‘substrate’" for" AF" maintenance," and" the" resultant" AF"
becomes"more"persistent"in"nature."This"observation"coined"the"term"‘AF"begets"AF’"and"it"is"this"
‘substrate’"that"Moe"et"al."described"in"their"‘multiple"wavelet"hypothesis’"in"1963."10"Their"use"of"
computer"modelling"demonstrated" that" the"perpetuation"of"AF"was"based"on" ‘fractionation"of" a"
grossly" irregular" wavefront’" resulting" in" ‘multiple" wavelets" colliding" with" each" other’." This"
hypothesis"was"subsequently"supported"by"the"experimental"studies"of"Wijffels"and"Allesie."11"12"
AF" generally" begins" as" a" paroxysmal" rhythm" disturbance" and" evolves" with" time" into" a" more"
persistent"or"permanent"state." In"the" ‘early’"paroxysmal"stages"of" the"disease"course,"pulmonary"
vein"(PV)"focal"triggers"are"thought"to"play"the"dominant"role"in"AF"causation."This"is"based"on"the"
seminal"work"by"Haissaguerre’s" group," that" showed" spontaneous" initiation"of"AF" is" provoked"by"
rapidly" firing" ectopic" foci" located" predominantly" within" the" PVs," often" referred" to" as" the" ‘focal"
source"hypothesis’."13"This"discovery"prompted"the"rise"in"catheter"based"pulmonary"vein"isolation"
(PVI)"procedures"to"treat"AF.""
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In"many"respects,"the"chronological"order"of"these"mechanistic"discoveries"was"back"to"front,"with"
AF" ‘maintenance’" being" discovered" before" the" concept" of" AF" ‘triggers’." If" one" examines" the"
temporal"relationship"of"these"discoveries"to"treatment"strategies,"it"is"clear"that"this"chronological"
mismatch"resulted"in"confusion."For"example,"after"Haissaguerre’s"paper,"there"was"a"notion"that"
PVI"was"all" that"was"required"to" treat"all" forms"of"AF."However," the"encouraging"outcomes" from"
PVI" in"paroxysmal"AF"were"not" translated" into"nonOparoxysmal" forms"of"AF,"and" it" is"now"widely"
accepted"that"PVI"alone"is"an"ineffective"interventional"strategy"in"nonOparoxysmal"AF,"based"on"a"
wealth" of" evidence" from" both" catheter" and" surgical" ablation" studies." 14O16" A" number" of" other"
mechanisms" have" since" been" proposed" including;" PV" and" nonOPV" triggers;" the" intrinsic" cardiac"
autonomic"nervous" system"and" the" rotor" hypothesis" 13,"17O19" Each" are" likely" to"be" as" valid" as" the"
other,"but"the"complexity"of"the"arrhythmia"would"suggest"that"all"these"mechanisms"coOexist"and"
are" interlinked" to" varying" degrees." Furthermore," the" purported" interplay" between" them" would"
explain" the" challenges" in" treating" this" arrhythmia," and"why"one"uniform"ablation" strategy" is" not"
sufficient"to"treat"the"whole"spectrum"of"AF."
1.1.4!Principles!of!AF!Management!!
AF" is" characterised" by" an" irregularly" irregular" pulse," loss" of" atrial" contractile" function" with" the"
associated" loss"of"active"ventricular" filling,"and" the" risk"of" thromboembolic" stroke." In"addition" to"
prevention" of" stroke"with" anticoagulants" (commonly" warfarin" and"more" recently" the" novel" oral"
anticoagulant"agents)," there"are"two"principal"therapeutic"strategies"for"treatment"of"AF:"rhythm"
control"(to"restore"sinus"rhythm)"and"rate"control"(to"accept"AF"and"simply"control"the"ventricular"
rate).""
Of" the" two" strategies," rhythm"control" is" the"desired" strategy" in" symptomatic"patients," especially"
those"that"are"younger"and"more"active"with"symptoms,"despite"adequate"ventricular"rate"control."
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Although"drug" therapy" for" rate"control" is"well"established"and"commonly" includes"betaOblockers,"
nonOdihydropyridine" calcium" channel" blockers" and" digoxin," antiOarrhythmic" drug" (AAD)" therapy,"
such"as"class"I"agents"(flecainide"and"propafenone)"and"class"III"agents"(amiodarone"and"sotalol),"to"
reduce"the"burden"of"AF" in" ‘rhythmOcontrol’"strategies,"has"numerous" limitations."First,"AADs"are"
only"able" to"control"AF" in"23O63%"of"patients,"although"this" figure" is" significantly" lower" for" those"
with"more"longerOstanding"AF"and"enlarged"atrial"dimensions."20"21"Second,"their"sideOeffect"profiles"
and"tendency"for"proarrhythmia"are"major"disadvantages."Overall,"the"net"benefit"of"AAD"therapy"
is" modest" at" best." Unsurprisingly," the" suboptimal" efficacy" of" AADs" has" been" one" of" the" main"
motivations" in" the" development" of" nonOpharmacological" approaches" in" the" management" of" AF"
over"the"last"two"decades."" 
1.2!Early!openXheart!surgical!procedures!–!rationale!and!lessons!learnt!
The" surgical" community" must" be" credited" as" the" first" to" apply" the" concepts" of" the" previously"
discussed" ‘multiple"wavelet"hypothesis’" therapeutically." The" first"of" these"was" the"description"of"
the" ‘corridor’" procedure" by" Guiraudon" in" 1985." 22" The" procedure" entailed" isolating" a" strip"
(‘corridor’)" of" atrial" tissue" between" the" two" atria" providing" a" direct" link" between" the" sinoatrial"
node"and"the"atrioventricular"node."The"rationale"of"this"procedure"was"to"reduce"the"critical"mass"
of" atrial" tissue" required" to" sustain" the" multiple" reOentrant" wavelets" implicated" in" AF." The"
procedural" results,"with" respect" to" freedom"from"AF"were" respectable,"but" there"was"one"major"
limitation" to" this" technique."Although" the" ‘corridor’"was" free" from"AF" and"permitted" sinus" node"
control"of" the"ventricular"rate"with"a"degree"of"atriaOventricular"synchrony," the"remainder"of" the"
atria"remained"in"AF"resulting"in"continued"thromboembolic"risks,"and"loss"of"the"‘atrial"kick’."
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Figure!1.2!Guiraudon’s!‘corridor’!procedure!
The'above'schematic'shows'the'isolation'of'a'strip'of'tissue'that'that'directs'the'sinus'impulse'to'the'AVN'in'a'
small'zone'which'minimises'the'chance'of're4entry'and'hence'AF.'The'excluded'right'and'left'atria'still'fibrillate'
and'thus'the'risk'of'stroke'remains.'AF='atrial'fibrillation;'AVN='atrioventricular'node;'PVs='pulmonary'veins;'
SAN='sinoatrial'node.!Reproduced' with' permission.!27'
"
The" late" 1980s" saw" further" surgical" research" involving" experimentation" with" atrial" incisions" in"
canine" hearts," which" led" the" way" for" Cox" et" al." to" perform" the" first" human" atrial" transection"
procedure"in"1986."Using"a"cut"and"sew"technique"they"were"able"to"restore"sinus"rhythm"(SR)"in"
the" short" term" and"were," therefore," the" first" group" to" demonstrate" that" termination" of" AF"was"
indeed"possible"with" interventional" therapy." 23" The" continued"efforts" of" Cox"et" al.," coupled"with"
their"appreciation"of" the" interOrelationship"between"atrial"anatomy"and"electrophysiology," led" to"
the" conception"of" the"Maze"procedure." 23" The" first"Maze"procedure"was"performed" in"1987"and"
quickly"became"known"as"the"CoxOMaze"procedure"in"recognition"of"their"pioneering"and"visionary"
work."The"procedure"involved"making"multiple"atrial"incisions"to"create"a"series"of"scars"resulting"in"
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atrial"compartmentalisation"and"isolation"of"the"posterior" left"atrium"(LA)"and"all" four"PVs."These"
scars"not"only"isolated"the"PVs,"but"also"interrupted"the"macroOreOentrant"circuits"required"by"the"
atrial"tissue"to"maintain"AF,"thus"modifying"the"atrial"substrate."The"scars"also"created"a"pathway"
of" conduction" between" the" SAN" and" the" AVN," which" was" similar" in" principle" to" Guiraudon’s"
‘corridor’" procedure." Early" iterations" of" the" procedure" were" tainted" by" damage" to" the" intrinsic"
conduction" system" (SAN)," resulting" in" a" high" incidence" of" pacemaker" implantation" as" well" as"
significant"LA"dysfunction."23"The"procedure"underwent"numerous"modifications,"which"culminated"
in" the" CoxOMaze" III" procedure." 24" The" longOterm" followOup" results" were" exceptional," with" SR"
maintained"in"96%"of"patients"beyond"5"years."25""
Unsurprisingly," the" CoxOMaze" III" became" the" gold" standard" for" surgical" ablation" (SA)" for" over" a"
decade," but" there" were" important" caveats" to" consider." The" multiple" atrial" incisions" and"
cardiopulmonary"bypass"ensured"that"the"procedure"remained"long"and"technically"complex"whilst"
retaining" a" significant" risk" of"morbidity." Thus," although"highly" effective," the" ‘CoxOMaze’" failed" to"
gain" popularity" as" a" treatment" modality" for" standalone" AF," and" became" reserved" for" those"
undergoing" concomitant" cardiac" surgery." 25" Furthermore," taking" into" account" contemporary"
guidelines,"questions"linger"over"the"true"efficacy"of"the"CoxOMaze"III"procedure,"as"the"followOup"
for"arrhythmia"recurrence"was"not"as"rigorous"as"present"day"recommendations."26"
!
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Figure!1.3!The!CoxXMaze!procedure!
The' Cox4Maze' procedure' compartmentalizes' both' atria' by' using' a' cut4and4sew' technique' to' form' a' series' of' scars'
(dashed'lines).'These'scars'isolated'the'pulmonary'veins,'the'posterior'wall'and'the'left'atrial'appendage'and'created'a'
pathway'between'the'SA'node'and'the'AV'node.'AV='atrioventricular,'SA='sinoatrial.!Reproduced'with'permission.'27'
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1.3!Catheter!ablation!–!the!rationale!
In"the"mid"1990s,"electrophysiologists"were"conducting"increasingly"inquisitive"work"with"regard"to"
the"mechanistic"aspects"of"AF," the"consequence"of"which"was" the"previously"mentioned"seminal"
work" by" Haissaguerre" et" al." in" 1998." 13" They" were" the" first" to" describe" that" PV" ectopic" foci,"
witnessed" during" invasive" electrophysiological" studies," were" the" triggers" of" AF" in" a" significant"
proportion" of" patients." This" finding" provided" the" necessary" impetus" for" electrophysiologists" to"
develop" percutaneous" techniques" to" isolate" the" PVs" (PVI)" electrically," heralding" a" new" era" of"
catheterObased"ablation."The"technique"of"PVI"has"been"refined"over"the"years"to"concentrate"on"
ablation"away"from"the"PV"ostia,"as"this"had"been"associated"with"significant"risks"of"PV"stenosis."28"
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Nowadays,"most" operators" isolate" these" ipsilateral" pairs" of" PVs"with"wide" area" antral" encircling"
ablation"lesions."
"
Figure!1.4!Predominance!of!pulmonary!vein!focal!sites,!triggering!AF!in!45!patients"""""""""""""""""""""""""
Distribution' (numbered)' of' focal' sites' that' triggered' AF' in' 45' patients.' Clustering' was' observed,' particularly' in' the'
upper'pulmonary'veins.'Reproduced'with'permission.'Copyright'Massachusetts'Medical'Society'13"
"
Despite"this"discovery,"it"was"quickly"realised"that"achieving"PVI"alone"was"not"enough"to"treat"AF"
in"all"patients." 29O31" It" stands" to" reason" that"PVI"will"be"of"most"benefit" in"paroxysmal"patients" in"
whom" PV" triggers" predominate" as" the" main" mechanism." However," those" with" more" persistent"
forms" of" AF," where" time" has" disrupted" the" electroOanatomical" architecture" of" the" atria," require"
more"than"just"PVI."Put"another"way,"if"the"atria"are"already"in"a"state"of"persistent"fibrillation"(with"
the"substrate"alone"maintaining"fibrillation)"the"importance"of"PV"triggers"becomes"less"important,"
as" it" is" in" these" patients" where" substrate" modification," in" addition" to" PVI," is" of" paramount"
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importance.""
An"important"technique"to"modify"the"LA"substrate"in"nonOparoxysmal"AF"is"the"creation"of"linear"
lesions" to" interrupt" the" macroOreOentrant" loops" that" contribute" to" the" maintenance" of" AF."
Commonly"used"linear"lesions"include"a"roof"line"connecting"the"left"and"right"superior"PVs,"and"a"
mitral" line" connecting" the" mitral" annulus" to" the" left" inferior" PV." The" benefit" of" such" lines" in"
persistent"AF"has"been"elegantly"highlighted"by"Willems"et"al."in"a"randomised"control"trial"where"
persistent"or"permanent"AF"patients"are"randomised"to"either"PVI"+"additional"linear"lesions"(roof"
and"mitral"isthmus"line)"or"PVI"alone."At"16"months,"20%"were"free"from"AF"with"PVI"alone,"versus"
69%"with"additional"substrate"modification."32"Linear"ablation"can"be"technically"challenging"and"if"
undertaken," the" aim" must" be" to" achieve" and" confirm" biOdirectional" block" to" document" the"
completeness"of"such"lines."Furthermore,"it"is"best"not"to"attempt"linear"lines"than"to"leave"them"
incompletely"blocked,"as"this"can"result"in"a"highly"proOarrhythmogenic"atrial"substrate."In"fact"the"
resultant"macroOreOentrant" atrial" tachycardias" (AT)" can" themselves" pose" significant" symptomatic"
burden"to"the"patient."32"
Another" technique" in" lieu" of," or" additional" to," PVI" which" also" modifies" the" substrate" has" been"
investigated"and"advocated"by"Nadamanee"et"al."33"Their"group"targeted"areas"exhibiting"complex"
fractionated" atrial" activity" (CFEs)," thought" to" represent" areas" of" slow" conduction," colliding"
waveforms," migration" rotors" and/or" sites" of" underlying" ganglionated" plexi" (GP)" amongst" other"
proposed"mechanisms."34O36"Nademanee"demonstrated"that"this"approach"was"highly"effective"with"
91%"of"patients"(combination"of"paroxysmal"and"persistent)"free"from"arrhythmia"and"symptoms"
at"1"year."33"However,"the"same"degree"of"success"has"not"been"replicated"by"other"groups,"causing"
controversy"on"the"merits"of"CFE"ablation."37"38"Even"when"combining"CFE"ablation"with"PVI,"some"
results"have"been"inconclusive,"although"a"subsequent"metanalysis"of"several"randomised"control"
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trials"has"shown"that"there"is"indeed"an"incremental"benefit"to"CFE"ablation"when"added"to"PVI."39"
CFE"ablation" is," therefore,"often"used"as"one"of" the"adjunct" techniques"of"substrate"modification"
after"PVI"in"nonOparoxysmal"AF."
"
"
Figure!1.5!Outcome!differences!when!linear!lesions!added!to!PVI!in!nonXparoxysmal!AF!
Kaplan4Meier' curves' showing' freedom' from' AF' after' PVI' or' PVI' plus' SM' (substrate' modification' via' linear' lesions);'
p=0.0001.'Reproduced'with'permission.'14!
!
Contemporary" CA" can" treat" paroxysmal" AF" with" a" high" degree" of" success" but" results" remain"
suboptimal" for" persistent" and" long" standing" persistent" AF" (LSPAF)," with" patients" often" needing"
multiple"procedures." 39"For"example," in"LSPAF,"previous"studies"show"single"procedure"success"of"
either"27%"at"40"months"or"32%"at" just"over"12"months’"followOup."40"41"Therefore," in"addition"to"
PVI," linear" lesions" and/or" CFE" guided" substrate" modification" are" often" employed" to" improve"
procedural" results" in" this" group." 39" The" stepwise" ablation" approach" has" been" championed" by"
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Haissaguerre’s" group" and" incorporates" PVI," linear" ablation," CFE" targeted" ablation" +/O" right" atrial"
ablation."The"integration"of"these"aforementioned"adjunct"techniques"seems"to"be"a"sensible"and"
scientifically" sound" approach" to" treat" nonOparoxysmal" AF" patients," and"many" centres" have" now"
adopted"this"strategy."32,"42"43"
"
1.4!Advances!in!surgical!ablation!
1.4.1!Dawn!of!a!new!surgical!era!–!the!CoxXMaze!IV!
With" CA" for" AF" gaining" momentum" in" the" late" 1990s" and" early" 2000s," the" surgical" community"
renewed" its" interest" in"AF" intervention"and"developed" less" invasive"techniques"that"could"deliver"
the"same"efficacy"benefits"of"the"CoxOMaze"III,"whilst"offering"a"viable"alternative"to"catheter"based"
therapy."The"need"to"find"an"alternative"to"the"cutOandOsew"technique"led"to"the"development"of"
energy"delivering"ablation"devices."The"remit"was"clear;" the"device"would"have"to"deliver"energy"
that"would"result"in"contiguous"and"transmural"ablation"lines"endoO"and"epicardially,"and"be"small"
and"flexible"enough"to"use"in"a"minimally"invasive"thorocoscopic"approach."
The"use"of" energy"devices"began"with" the" first" cryomaze"procedures" in" 1999,"where" cryoenergy"
ablation"lesions"completely"replaced"atrial"incisions"(entirely"non"cutOandOsew"Maze"procedure)."44"
This"was" followed" closely" by"Damiano" and" colleagues" pioneering" the" use" of" RF" ablation" devices"
with"the"resultant"development"of"the"CoxOMaze"IV"procedure."45"They"used"a"bipolar"RF"device"to"
create" two" islands" that" isolated" the" PVs" (equivalent" to" wide" area" antral" encirclement)" but"
additional" cryoablation"was" also" employed" to" help" isolate" the"posterior" LA." Instead"of" a"midline"
sternotomy," the" procedure" was" done" via" a" smaller" rightOsided" thoracotomy" but" still" required"
cardiopulmonary"bypass," although"operating" times"and"hence" ischaemic" times"were" significantly"
shorter."The"results"of"the"CoxOMaze"IV"were"very"encouraging"and"demonstrated"that"replicating"
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the"Maze"procedure"with"an"energy"enabling"ablation"device"was"comparable"to"the"effectiveness"
of"the"Cox"Maze"III"procedure"at"up"to"12"months’"followOup."46"
1.4.2!Thoracoscopic!(minimally!invasive)!surgical!ablation!
The" evolution" from" the" cutOandOsew" technique" to" energy" delivering" devices" heralded" the" next"
logical"step"O"to"perform"SA"without"a"midline"sternotomy,"on"a"beating"heart." In"fact,"James"Cox"
had"already"set"the"challenge"in"2004,"proclaiming"that"the"ideal"surgical"procedure"for"AF"would"
‘be"performed"via"a"minimally" invasive" incision" (endoscopically"or" robotically),"off"bypass," in" less"
than"1"hour,"with"hospital"discharge"planned"for"the"next"morning’."47"
Thoracoscopic"ablation"has"a"number"of"potential"advantages"when"compared"with"catheterObased"
treatments." The" ability" to" visualise" directly" the" target" tissue" of" the" LAOPVs" junction" improves"
accuracy"of"lesion"delivery"with"less"collateral"tissue"damage"to"surrounding"structures."Lesions"can"
be"visualised" in"real"time,"particularly"with"RF"energy,"and"the"risk"of"PV"stenosis" is"unlikely" if"PV"
lesions"are"placed"correctly"on"the"antrum."The"option"to"excise"the"left"atrial"appendage"(LAA)"is"
also" present," which" can" minimise" subsequent" thromboembolic" risk" and" may" simultaneously"
eliminate" a" potential" source" of" trigger" in" some" patients." 48"49" Unlike" CA," there" are" no" devices" in"
contact"with"the"endocardium,"which"eliminates"the"risks"of"thrombus"formation,"and"there"is"no"
need"for"fluoroscopy."Disadvantages"include"the"usual"risks"of"surgery,"a"longer"hospital"stay"(3O5"
days),"incisional"discomfort"which"may"last"for"a"few"weeks"in"some"cases"and"cosmetic"issues"from"
thoracoport"access"sites."
1.4.3!Energy!Devices!!
Numerous"energy"delivering"devices"facilitating"thoracoscopic"ablation"have"been"available"on"the"
market" including" those" employing" microwave," laser" and" cryothermal" techniques." In" the" last"
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decade,"bipolar"RF"devices"have"become"the"tool"of"choice"for"several"reasons."Compared"to"other"
energy" sources," it" has" a" rich" evidence" base" with" animal" models" demonstrating" the" bipolar" RF"
clamp’s"ability"to"produce"both"acute"and"chronic"transmural" lesions"consistently."50O53"Use"of"the"
bipolar"RF"clamp"also"minimises"collateral"tissue"damage,"by"confining"the"energy"between"the"two"
electrodes"embedded"within"the"jaws"of"the"clamp."This"creates"a"transmural"scar,"with"real"time"
verification" of" transmurality," via" a" drop" in" tissue" conductance." In" contrast," unipolar" RF" and"
cryoablation"are"unable"to"create"such"reliable"transmural"lesions"because"of"the"rapid"dissipation"
of"heat"energy"via"conductance"to"the"circulating"intracavity"blood"–"a"phenomenon"known"as"heat"
sink."54"
Other"energy"sources"such"as"microwave"and"laser"have"been"shown"to"be"ineffective"with"regards"
to"PVI"and"are"no"longer"on"the"market,"whilst"highOintensity"focussed"ultrasound"has"not"met"the"
appropriate" safety" standards" required" for" AF" ablation." 55O57" The" paucity" of" experience" with"
alternatives"to"bipolar"RF"renders"any"meaningful"comparison"difficult."
In" the" study" presented" in" this" thesis," the" Atricure" RF" surgical" ablation" system" (AtriCure" Inc.,"
Westchester," OH," USA)" was" used" due" to" the" fact" that" there" is" significantly" more" data"
published" using" this" system." However," there" are" two" other" RF" systems" that" are" currently"
commercially"available"and"which"should"be"mentioned."Firstly,"the"COBRA®"Surgical"System"
(San"Ramon,"CA,"USA),"which" is"a"multiOelectrode," temperature"controlled"epicardial"device"
which" is" currently" being" evaluated" in" clinical" trials." The" device" has" a" unique" suction"
mechanism"that"pulls" the"atrial"epicardial" tissue"to" the"probe" in"order" to"obtain"contiguous"
lesions" and" to" maintain" a" stable" position" during" RF" application." Secondly," the" Medtronic"
Cardioablate" systems" (Minneapolis," MN," USA)! which" are" low" profile" RF" ablation" clamps"
suitable" for" thoracoscopic" procedures" and" are" also" currently" being" evaluated" in" clinical"
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studies."Both""
Medtronic"and"Atricure"also"have"cryothermal"energy"probes"which"destroy"tissue"by"freezing"
rather" than" by" heating." Although" this" can" preserve" myocardial" tissue" architecture" it" takes"
longer" than"RF" to"create" lesions"and"also"has" the"potential" risk"of" thromboembolism"due" if"
intracavity"blood"freezes"as"a"consequence"of"ablation.""
1.4.4!Ganglionated!Plexi!Ablation!
The" intrinsic" cardiac" autonomic" system" comprises" a" complex" weave" of" parasympathetic" and"
sympathetic"nerve"fibres"that"interconnect"the"LA"and"the"PVs."Their"neurones"cluster"in"ganglionic"
plexi" (GP)" that" can" be" found" within" the" epicardial" fat" pads" that" innervate" and" overlie" the"
myocardial"sleeves"of"the"PVOLA"junction."GPs"have"been"implicated"in"the"pathogenesis"of"AF"and"
one"of"the"advantages"of"the"thoracoscopic"approach"is"that"GPs"can"be"identified"and"eliminated"
quickly"alongside"PVI."
Experimental"data"has"shown"that"GP"stimulation"can"convert"PV"ectopy"into"AF"but"also"that"GP"
stimulation"can" instigate"this"ectopic"PV"activity" in"the"first"place."58O59"Animal"and"clinical"studies"
have" shown" that" CA" of" these" GP" can" prevent" AF" inducibility" and" eliminate" AF" once" present,"
suggesting"that"GPs"have"a"role"in"both"triggering"and"the"maintenance"of"AF."33,"60O64"Scherlag"et"al."
put"this"into"clinical"context"by"demonstrating"that"the"addition"of"GP"ablation"to"PVI"increases"the"
efficacy"of"ablation"(as"compared"to"PVI"alone),"although"study"numbers"were"small"with"a"short"
followOup"period."61"In"addition,"McClelland"et"al."recognised"that"79%"of"preOPVI"identified"GP"sites"
were"eliminated"via"PVI"using"the"RF"clamp,"suggesting"that"GP"mapping" is"best"undertaken"post"
PVI"to"reduce"both"RF"applications"and"overall"operating"time."65"The" ligament"of"Marshall" (LoM)"
must" also" be" mentioned" here" as" it" is" frequently" transected" and/or" ablated" during" PVI" or" GP"
ablation,"which"is"relevant"as"there"is"evidence"of"its"role"as"an"AF"trigger."66O68""
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At"present,"the"incremental"benefits"of"GP"ablation"over"and"above"PVI"+/O"linear"lesions"remains"
unclear" O" particularly"when" its" longOterm"efficacy"has"been" challenged"by" an"animal" study"which"
shows"that"reOinnervation"occurs"within"four"weeks"of"ablation"with"recurrence"of"AF"within"1"year."
69"Although"still"widely"incorporated"in"surgical"lesion"sets,"its"inclusion"remains"controversial"and"
needs"further"robust"validation."
1.4.5!Early!Experience!with!Thoracoscopic!Surgical!AF!Ablation!!
Early"thoracoscopic"procedures"concentrated"on"a"more"simplified"lesion"set"than"that"of"the"CoxO
Maze" III." Although"earlier" reports" exist,"Wolf" et" al."were" credited" as" the" first" to" use" a"minimally"
invasive,"videoOassisted,"thoracoscopic"surgical"(VATS)"technique"to"access"the"heart,"and"perform"
epicardial"ablation"on"a"beating"heart"in"2005."Ipsilateral"PVs"were"electrically"isolated"using"a"nonO
irrigated,"bipolar"RF"device"and"the"left"atrial"appendage"(LAA)"was"excluded"using"a"staple"device."
Of"the"twentyOthree"patients"who"had"more"than"3"months’"followOup,"more"than"90%"were"free"of"
AF"whilst"on"AAD.""
Edgerton"et"al."then"reported"a"series"of"thoracoscopic"PVI"that"added"targeted"GP"ablation"but"did"
not"include"LAA"exclusion"(n=74)."At"6Omonths’"followOup,"70%"of"patients"with"paroxysmal"AF"and"
35%"of"persistent"AF"patients"were"off"AAD"and"in"SR."16"
In" 2009," Edgerton" and" colleagues" published" a" further"multiOcentre" series" of" 114" patients"with" a"
mixture"of"AF"classifications"who"underwent"minimally"invasive"PVI,"GP"ablation"and"LAA"excision.""
At" 6"months," SR" rates" off" AAD" were" 71%" for" paroxysmal," 47%" for" persistent" and" 32%" for" long"
standing"persistent"AF"patients."70"
A" number" of" such" studies" were" published" between" 2005" and" 2010," and" it" became" clear" that"
thoracoscopic" PVI" with" or" without" autonomic" denervation" and/or" LAA" exclusion" was" indeed" as"
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effective"as"CA" in" treating"paroxysmal"AF." 16," 65,"71O76"However," the" results" for"persistent"or" LSPAF"
were" suboptimal," but" not" unexpected," given" the" limited" lesion" set" used." The" success" from" the"
more" extensive" lesion" set" used" in" the" CoxOMaze" III," together" with" CA" studies" demonstrating"
increasing"efficacy"when"LA"substrate"modification"is"added"to"PVI,"clearly"highlighted"the"need"for"
substrate"modification"in"nonOparoxysmal"AF"patients.!
!
1.5!Totally!Thoracoscopic!Surgical!Ablation!
Despite"the"use"of"the"term"‘minimally"invasive’"in"many"of"the"early"thoracoscopic"SA"reports,"the"
majority" still" used" muscle" splitting," miniOthoracotomy" incisions" for" instrumentation." " Although"
clearly"better"than"a"median"sternotomy,"this"remained"too"invasive"from"a"patient’s"perspective."
Efforts" to" reduce" patient" morbidity" and" discomfort," and" to" facilitate" a" faster" postOoperative"
recovery" led" to" the" publication" of" three" reports" between" 2008" and" 2009," detailing" a" totally"
thoracoscopic" approach" to" surgical" ablation" i.e." without" the" need" for" miniOthoracotomies" or"
additional"incisions."
The"first"such"report"in"early"2008"was"a"short"series"of"nine"patients"with"paroxysmal"AF."Access"in"
these"cases"was"via"three"thoracoports"bilaterally"(one"10mm"and"two"5mm),"without"the"need"for"
muscle" splitting" and" emphasis" on" blunt" dissection" to"minimise" tissue" damage" (Figure" 1.6)." Their"
experience"showed"that"achieving"PVI"and"LAA"exclusion"via"this"technique"was"both"feasible"and"
safe."After"a"mean"followOup"time"of"greater"than"9"months,"78%"patients"were"in"SR"as"per"Holter"
monitoring.72"
"
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"
Figure!1.6!Totally!thorocoscopic!surgical!ablation!access!points!
Three'thoracoports'are'used'each'side.'One'at'the'mid4axillary'line,'a'second'at'the'fourth'intercostal'space'and'a'third'
inserted'between'the'two'other'ports'at'the'sixth'intercostal'space.'Reproduced'with'permission.'72'
"
Later" that" year," Sirak" et" al." published" retrospective" data" on" 32" patients" who" had" undergone" a"
totally"thoracoscopic"approach"to"surgical"AF"ablation."77"Contrary"to"most"surgical"ablation"studies"
performed"up"until"then,"they"conducted"these"procedures"on"persistent"or"LSPAF"patients."Hence,"
in"addition" to"PVI"and"GP"ablation," they"uniquely" incorporated" three"connecting" linear" lesions;"a"
line"connecting"the"superior"PVs"(roof"line);"a"line"connecting"inferior"PVs"(an"inferior"line);"and"a"
line"connecting"the"roof"line"to"the"anterior"trigone"of"the"mitral"valve."A"reasonable"attempt"was"
made"to"verify"linear"lesion"continuity"via"electrocardiographic"signal"attenuation"(>90%)"using"an"
EP"catheter,"but"biOdirectional"block"was"demonstrated"only"for"the"PVI"lesions."At"6"months,"87%"
of"patients"were"off"AAD"(except"low"dose"betaOblocker)"and"in"SR."It"is"worth"noting"that"none"of"
the" patients" in" this" study" were" documented" to" have" postOprocedural" macroOreOentrant"
tachycardias,"which"may"suggest"that"the"linear"lesions"were"indeed"completely"blocked."
No"doubt"spurred"on"by"Sirak’s"results"and"in"an"attempt"to"improve"upon"their"previous"results,"
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Edgerton"et"al."studied"the"use"of"a"more"extensive"lesion"set"in"their"treatment"of"persistent"AF."78"
Their" lesion"set"was"designed" to" replicate" the"LA" lesions"used" in" the"CoxOMaze" III"procedure"and"
included"a"roof"line"connecting"the"superior"PVs,"a"connecting"line"to"the"base"of"the"resected"LAA,"
and"a"line"connecting"the"roof"line"transversely"with"the"subaortic"root."In"a"more"detailed"fashion"
than" Sirak," they" conducted" robust" testing" of" these" linear" lesions" with" differential" sensing" and"
pacing"to"confirm"conduction"block."At"6"months,"they"achieved"78%"and"47%"freedom"from"AF"off"
AAD,"in"the"persistent"and"LSPAF"groups"respectively.""
1.5.1!Electrophysiological!validation!of!surgical!lesions!!
Further"efforts"to"improve"surgical"ablation"results"saw"a"novel"study"being"published"by"Krul"et"al."
They"combined"totally" thoracoscopic"ablation"with" thorough"electrophysiological"confirmation"of"
conduction"block."79"This"entailed"confirming"entrance"and"exit"block"of"the"PVs"in"all"patients,"and"
demonstrating" biOdirectional" block" of" linear" ablation" lines" in" the" nonOparoxysmal" cases." This"
approach"yielded"impressive"results"with"a"single"procedure"success"rate"(defined"as"freedom"from"
atrial"arrhythmias"off"AAD)"of"92%"in"the"paroxysmal"group"and"80%"in"the"nonOparoxysmal"group,"
at"1"year."The"addition"of" robust"electrophysiological" testing"had"clearly" improved"efficacy"when"
compared" to" previous" studies," and" further" substantiated" the" results" obtained" by" Sirak" and"
Edgerton"who"had"undertaken"a"degree"of"electrophysiological"assessment"of"their"linear"ablation"
lesions."77"78"
1.5.2!Sequential!epicardial!and!endocardial!ablation!
Sequential"thoracoscopic"SA"followed"by"CA"during"the"same"hospital"admission"has"been"recently"
studied" in" persistent" AF" patients" by"Mahapatra" et" al."80" Their" rationale"was" to" see" if" combining"
these"modalities"could"improve"efficacy"by"eradicating"postOsurgical"macroOreOentrant"arrhythmias."
Notably,"all"enrolled"patients"had"previously"failed"CA."The"sequential"group"(n=15)"was"matched"
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to"a"control"group"(n=30)"who"underwent"CA"alone"(more"than"one"procedure"allowed)."Both"SA"
and" CA" arms" had" PVI" and" additional" linear" ablation," as" now" expected" in" this" patient" subset."
Rhythm"assessment"was" rigorous"with" the"use"of" both" 7Oday" continuous" autoOtriggered"monitor"
and"24"hour"Holter"monitoring."Results"were"striking"with"87%"of"sequential"patients"free"of"atrial"
arrhythmias"and"off"AAD,"compared"with"53%"of"catheterOalone"patients"after"a"mean" followOup"
period"of"20.7"±"4.5"months."This"was"the"first"study"to"achieve"the"high"success"rates"obtained"by"
Sirak"et"al."as"previously"described."
1.5.3!Catheter!ablation!versus!totally!thoracoscopic!surgical!ablation!
The"end"of"2011"yielded"the"first"randomised"controlled"study"O"the"FAST"study"O"comparing"
these"two"techniques."81"This"was"a"welcome"addition"to"the"literature"in"this"arena"with"the"
hope" that" it" would" clarify" the" relative" positions" of" these" two" modalities" in" the" invasive"
treatment" of" AF." One" hundred" and" twenty" four" patients" with" drugOrefractory" AF" were"
randomised" in" a" 2Ocentre" study." In" the"CA" arm" (n=63)," 58.8%"were"paroxysmal"with" 41.2%"
nonOparoxysmal," while" in" the" SA" arm" (n=61)," 73.8%" were" paroxysmal" with" 26.2%" nonO
paroxysmal."The"primary"endpoint"was"freedom"from"LA"arrhythmia"at"12"months,"off"AAD."
36.5%" met" this" endpoint" in" the" CA" group," versus" 65.6%" in" the" SA" group," highlighting" a"
statistically" significant" difference." The" results" are" striking," but" must" be" interpreted" with"
caution,"for"several"reasons."First,"there"were"significant"inequalities"with"regard"to"lesion"set"
depending" on"both"modality" and" site" of" treatment." This"makes" the" comparison"of" the" two"
procedures" difficult." Second," catheter" technology" was" different" between" the" centres," with"
one"using"a"4mm"solidOtip"whilst" the"other"used"a"4mm"irrigatedOtip." Irrigated"tip"catheters"
provide"more"effective"RF" lesions"which"may"have"contribute" to" the" third"point,"which"was"
that" the"efficacy" for"both"modalities"was" far" lower" than"expected."When"examining" the"CA"
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group,"this"is"hardly"surprising"considering"that"some"patients"received"only"PVI"regardless"of"
whether" they" were" paroxysmal" or" persistent" AF" cases" O" inconsistent" with" contemporary"
practice." In" the" SA" group," when" surgical" linear" ablation" was" undertaken," verification" of"
conduction" block" was" not" sought" in" all" of" the" lines," which" may" have" reduced" the" overall"
efficacy" obtained." Finally," major" adverse" events" were" significantly" higher" in" the" SA" group"
compared" to" the" CA" group" (34.4%" vs." 15.9%;" p=0.027)," but" also" of" note" is" that" the" CA"
complication"is"significantly"higher"than"data"from"the"worldwide"survey"on"complications."30"
Although"this"study"concluded"that"SA"was"superior"to"CA,"if"one"analyses"the"data"closely"it"
would"appear"that"the"riskObenefit"ratio"of"surgery"is"unfavourable.""
1.5.4!Hybrid!thoracoscopic!surgical!and!transvenous!catheter!ablation!
In" 2012," Pison" et" al" reported" the" results" of" a" hybrid" ablation" approach" combining" a" totally"
thoracoscopic,"offOpump,"surgical"approach"using"a"bipolar" radiofrequency"clamp"and" linear"
ablation"pen"with"conventional"endocardial"catheter"ablation." 82"Of"the"26"patients"studied,"
11" (42%)"had"persistent"AF"and"11"had"prior"CA" for"AF"or" atrial" flutter" (42%)." The"ablation"
strategy"included"PVI,"posterior"wall"isolation,"mitral"isthmus"line,"cavoOtricuspid"isthmus"line"
and" biOcaval" line." However," not" all" patients" received" all" these" lesions," as" the" strategy" was"
tailored" to" each" individual" patient" with" more" extensive" ablation" conducted" in" those" with"
more"advanced"substrates."Endocardial"ablation"enabled"the"mitral"and"cavotricuspid"lines"to"
be"conducted,"and"was"also"used"to"‘topOup’"areas"where"epicardial"ablation"had"left"gaps"or"
was"not"transmural."Importantly,"biOdirectional"block"for"PVI"was"confirmed"via"using"circular"
catheters"within"the"pulmonary"veins"and"also"for"linear"lesions."The"mean"followOup"was"470"
±"154"days"and"12Omonth"success"off"AAD"was"93%"for"patients"with"paroxysmal"AF"and"90%"
for"patients"with"persistent"AF."The"single"procedure"success"rate"was"83%"and"there"were"no"
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significant"complications"reported."
The" high" success" rates" in" this" trial" demonstrate" the" potential" of" this" hybrid" approach,"
however," due" to" the"heterogeneity" of" the" lesion" sets" used," it" is" difficult" to" interpret"which"
lesions"are"required"for"which"subset"of"patients."What"can"be"inferred"is"that"more"advanced"
substrates" need" more" extensive" ablation," and" that" underpinning" this" is" the" need" for"
meticulous"validation"of"PVI"and"linear"lesions"which"no"doubt"contributed"to"the"high"success"
rates." It"also"of"note"that"the"complication"rate"was"very"low,"in"contrast"to"the"FAST"study."
This"highlights,"as"with"catheter"ablation,"that"procedures"of"this"nature"need"to"be"conducted"
by"experienced"operators"in"highOvolume"centres.""
1.5.5!Arrhythmia!recurrence!postXsurgical!ablation!
Most"SA"studies"report"upon"procedural"success"rates,"but"there"is"a"paucity"of"data"regarding"
the"arrhythmias"that"constitute"the"‘failures’."A"study"that"investigated"this"very"aspect"looked"
at" late"(>3"months)"recurrence"of"symptomatic"arrhythmia"post"SA."83"The"index"procedures"
included"the"CoxOMaze"III,"IV"and"left"atrial"SA"and"a"variety"of"energy"sources"were"also"used."
Very" few" patients" had" conduction" block" tested" intraoperatively." Of" those" patients" with"
refractory,"symptomatic,"postOoperative"arrhythmias,"only"4%"(n=16)"underwent"subsequent"
EPS"O"all"of"whom"had"persistent"forms"of"AF"from"study"enrolment."Sixteen"arrhythmias"were"
identified"(including"7"right"atrial"flutters,"3"left"atrial"flutters,"1"biOatrial"flutter"and"5"left"atrial"
tachycardias),"and"interestingly"all"except"one"of"these"patients"had"either"the"CoxOMaze"III"or"
IV." This" highlighted" the" propensity" of" recurrent" macroOreOentrant" tachycardias" post" openO
heart" CoxOMaze" III" and" IV" procedures," if" intraOoperative" conduction" testing" is" not"
undertaken.84"
Kron"et"al"then"investigated"postOsurgical"arrhythmias"in"thoracoscopic"patients."They"offered"
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an"electrophysiological" study" (EPS)" +/O" ablation" to" all" those"who"had" ‘failed’" having"had" an"
index"procedure"of"PVI" and"GP"ablation" via" a"miniOthoracotomy." 85"Rhythm" recurrence"was"
assessed" rigorously" by" continuous" 1Omonth" transOtelephonic" monitoring" with" AF" triggering"
and" defined" as" supraventricular" tachycardia" of" greater" than" 30" seconds’" duration" in" the"
followOup"period."Of" the"50"patients"enrolled,"20"patients" (40%)"had"recurrent"documented"
AT," of" whom" 13" (65%)" chose" to" undergo" EPS." 14" arrhythmias" were" documented" in" these"
patients" including" AF" in" 8" patients" and" atrial" flutter" in" 3" patients." Importantly," despite"
confirmation" of" acute" entrance" and" exit" block" at" the" index" PVI," the" commonest" finding" in"
those"who"had"recurrent"AF"was"PV"reconnection"(50%"of"PVs)."These"findings"with"regard"to"
PV"reconnection"are"consistent"with"that"of"endocardial"ablation,"which"is"why"it"remains"the"
Achilles’" heel" of" all" ablation" procedures." 86O88" Although" canine" models" have" shown" that"
conduction"can"break"though"small"gaps"(1.1mm)"in"ablation"created"by"the"bipolar"RF"clamp,"
epicardial"PVI"is"still"thought"to"provide"more"reliable"transmural"conduction"block"based"on"
animal"studies"as"described"earlier"in"this"article.83"89"
!
1.6!Conclusion!
The" contemporary" management" of" AF" increasingly" includes" the" use" of" interventional"
therapies" such" as" catheter" (CA)" or" surgical" ablation" (SA)." The" 2012" international" consensus"
statement" from" the" Heart" Rhythm" Society," European" Heart" Rhythm" Association," and"
European"Cardiac"Arrhythmia"Society"admits"that"LSPAF"patients"are"the"least"studied"subset"
of" AF" patients," which" probably" reflects" the" increased" complexity" of" these" advanced" atrial"
substrates."26"
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In" lieu" of" poorly" tolerated" and" ineffective" AAD" therapies," patients" actively" seek" curative"
procedures"in"LSPAF."This"demand"has"driven"electrophysiologists"to"improve"their"outcomes"
to" give" these" patients" a" better" quality" of" life." " Thoracoscopic" SA" has" slowly" evolved" into" a"
potentially"promising"alternative"option"for"patients"who"require"intervention"for"AF."Results"
have"shown"equivalent"success"rates"to"catheter"ablation"for"paroxysmal"AF"and"encouraging"
results" in" persistent" forms" with" more" extensive" lesions" sets" akin" to" catheter" ablation."
However,"it"is"clear"that"more"research"is"required"in"this"area"to"delineate"precisely"where"it"
fits" into"the"armamentarium"for"AF"management."As"patients"are"unlikely"to"choose"a"more"
invasive"option"of"ablation"with"similar"efficacy"to"catheter"ablation,"the"role"of"thoracoscopic"
SA" is" more" likely" to" lie" in" those" with" more" advanced" substrates" where" catheter" ablation"
outcomes"remain"suboptimal.""
This" concept" formed" the" basis" of" the" Catheter" Ablation" versus" Surgical" Ablation" in" Atrial"
Fibrillation" (CASAOAF)" study," which" predated" the" publication" of" the" FAST" and" the" Hybrid"
studies." The" aim"of" CASAOAF"was" to" compare" thoracoscopic" surgical" ablation"with" catheter"
ablation" in" LSPAF" patients," using" appropriate" lesions" sets" that" incorporated" robust"
electrophysiological"confirmation"of"conduction"block"of"all"lesions.""
!
1.7!Main!hypothesis!
‘A'thoracoscopic'surgical'ablation'strategy'is'more'effective'than'a'catheter'ablation'strategy'
in'long'standing'persistent'atrial'fibrillation,'with'regards'to'freedom'from'atrial'arrhythmia.’'
The"above"hypothesis"was"investigated"in"a"clinical"trial."The"methods"pertaining"to"this"study"
are"presented"in"chapter"2"and"the"results"in"chapter"6."Two"further"subOstudies"linked"to"the"
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main"trial"are"presented"in"chapter"3"(CFE"subOstudy)"and"chapter"4"(MRI"subOstudy)."!
1.7.1!Other!hypotheses!
‘The'use'of'contact'force'sensing'technology'during'pulmonary'vein'isolation'reduces'the'rate'
of'acute'electrical'PV'reconnection'rates'by'improving'endocardial'catheter'contact'and'lesion'
formation.’'
The"above"hypothesis"was"investigated"in"a"clinical"trial,"which"is"presented"in"chapter"5.""
!!!!!!!!!!!!!!
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Chapter!2!
CASAXAF!Clinical!trial!design!and!methods!
!
"
"
2.1!Introduction!
The" purpose" of" this" study" was" to" investigate" the" hypothesis" that" a" thoracoscopic" surgical"
ablation" strategy" was" superior" in" efficacy" to" a" catheter" ablation" strategy" in" patients" with"
longstanding"persistent"atrial"fibrillation"(LSPAF)."This"was"a"single"centre"(Royal"Brompton"&"
Harefield"NHS"Foundation"Trust),"prospective,"nonOrandomised"clinical"trial"to"evaluate"these"
two"ablation"modalities."""
The" study" was" commenced" in" 2011," having" gained" ethical" approval" from" Oxfordshire"
Research" Ethics" Committee" A," 11/SC/0032." During" the" inception" and" study" design" phase,"
detailed"and"extensive"searches"through"PubMed,"Medline"and"Clinicaltrials.gov"showed"that"
there" were" no" published" trials" comparing" these" two" strategies" headOtoOhead" for" the"
management"of"atrial"fibrillation"(AF),"and"certainly"none"in"the"LSPAF"classification."Of"note,"
there"was" one" randomised" controlled" clinical" trial" identified," ‘Ablation" or" Surgery" for" Atrial"
Fibrillation"Treatment’"(FAST),"ClinicalTrials.gov"Identifier:"NCT00662701,"which"compared"the"
safety" and" efficacy" of" these" two" strategies" in" a" mixed" population" of" AF" patients." This"
randomised" controlled" clinical" trial" was" stated" as" being" in" the" recruitment" phase," despite"
being"registered"in"March"2008"with"a"scheduled"completion"date"of"May"2009."
"
!
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2.2!Study!objectives!!
When"preparing"for"this"study,"it"became"clear"from"the"available"research"that"the"evidence"
was"somewhat"hampered"by"heterogeneous"definitions"of"both"AF"classification,"and"of"study"
endpoints." This" inevitably" led" to" a" degree" of" uncertainty" in" the" understanding" of" the" true"
safety"and"efficacy"of"AF"ablation."We"designed"our"study"carefully"to"try"to"overcome"these"
issues."The"2012"Heart"Rhythm"Society,"European"Heart"Rhythm"Association,"and"European"
Cardiac"Arrhythmia"Society" (2012"HRS/EHRA/ECAS)"consensus"document"sought" to" improve"
the" standards" for" reporting" outcomes" in" clinical" trials" involving" AF" ablation" via" several"
recommendations.26"Some"of"the"important"recommendations"are"listed"below:"
i.! Studying"a"specific"subset"of"the"AF"population,"namely"LSPAF,"which"are"a"group"of""
" patients"poorly"represented"in"clinical"trials;"
ii.! Enrolling"only"one"subset"of"AF"patients;"
iii.! Reporting"single"procedure"outcomes"in"AF"ablation;"
iv.! Comparing"catheter"ablation"with"surgical"ablation."
Although" published" after" our" study" had" commenced," our" study" design" had" incorporated" a"
number"of"the"aforementioned"recommendations,"which"were"not"only" in"keeping"with"our"
study" rationale," but" also" validated"our" study" design." Furthermore," the" primary" endpoint" of"
this" study" was" also" in" accordance" with" the" 2012" HRS/EHRA/ECAS" consensus" document" as"
freedom"from"AF,"atrial"flutter,"or"atrial"tachycardia"(AT)"lasting"30"seconds"or"longer"after"a"
3Omonths’"blanking"period.""
!
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2.2.1!Primary!objective!
•! Assess"freedom"from"atrial"arrhythmias"after"a"single"procedure"without"antiOarrhythmic"
drugs"(AADs)"within"9"months"(as"assessed"from"the"end"of"the"3"months’"blanking"period"
to"9"months)."""
2.2.2!Secondary!objectives!
•! Assess"freedom"from"atrial"arrhythmias"after"multiple"procedures"with"and"without"AADs"
within"9"months"(as"assessed"from"the"end"of"the"3"months’"blanking"period"to"9"months);"
•! Assess"clinical"(partial)"success"O"defined"as"a"75%"or"greater"reduction"in"the"number"and"
duration" of" AF" episodes" in" the" presence" or" absence" of" previously" ineffective"
antiarrhythmic"drug"therapy"(as"assessed"from"the"end"of"the"3"months’"blanking"period"
to"9"months);"
•! Serious"adverse"event"rates"(stroke,"MI,"emergency"surgery,"death);"
•! Major"procedural"complication"rates"–"defined"as"complications"that"result"in"permanent"
injury"or"death"or"that"require"emergency"treatment"or"prolongs"/"requires"hospitalisation"
for"more"than"48"hours;"
•! Change"in"AF"symptom"score;"
•! Change"in"quality"of"life"SF"36"score;"
•! Change"in"atrial"and"ventricular"dimensions"and"in"biOventricular"function"as"measured"by"
cardiac"MRI"(Chapter"4)."
"
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2.2.3!Other!objectives!
•! Acute" procedural" success" –" defined" as" attaining" SR" at" the" end" of" the" procedure" either"
through"DC"cardioversion"or"termination"to"SR"through"ablation."
•! Assessment" of" intraoperative" conduction" block" testing" in" the" surgical" group" using" the"
multifunctional"ablation"and"pacing"pen"and"the"20"pole"multielectrode"EP"catheter."
"
2.3!Trial!design!!
2.3.1!Overall!design!
The" Royal" Brompton" &" Harefield" NHS" Foundation" Trust" (RB&HFT)" is" one" of" the" largest"
specialist"cardiothoracic"centres"in"Europe,"which"specialises"in"heart"and"lung"transplants"and"
pioneering" minimally" invasive" surgery," including" thoracoscopic" techniques." Despite" this"
wealth"of"thoracoscopic"experience,"thoracoscopic"surgical"AF"ablation"using"radiofrequency"
(RF)"was"still"a"relatively"new"operative"procedure"in"the"trust."The"research"team"were"keen"
to" investigate" this" technique"using"a" randomised"control" trial"however," the"RB&HFT"Clinical"
Trials"Unit"felt"it"was"premature"to"conduct"this"study"using"a"randomised"control"design"given"
that"the"true"risks"of"conducting"this"procedure"at"our"instituition"were"unknown."Therefore"
the"study"design"was"a"prospective,"nonOrandomised"clinical"trial"but"with"patients"given"the"
choice" to" select" one" of" the" two" interventional" treatments." This" trial" design"was" ratified" by"
RB&HFT" Clinical" Trials"Unit," Imperial" College" London" and" the" research" team."All" individuals"
entering" the" study"had"been" referred" for" catheter"ablation"of" their"AF,"and"so" theoretically"
were"also"suitable"for"thoracoscopic"surgical"AF"ablation,"barring"specific"contraindications"for"
thoracoscopic"surgical"AF."
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The"study"was"‘openOlabel’,"which"meant"that"the"investigators"were"aware"of"which"arm"of"
the"study"patients"were"allocated"to;"however,"assessment"of"the"primary"endpoint"as"well"as"
imaging" (secondary)" endpoints" were" performed" by" blinded" physiologists" and" cardiac"
radiologists"respectively."
The"study"population"was"defined"as"patients"between"the"ages"of"18O80"with"symptomatic,"
drugOrefractory" (to" at" least" one" antiOarrhythmic" drug," or" antiOarrhythmic" drugs" are"
contraindicated"and"not"tolerated),"or"DC"cardioversion"refractory"LSPAF,"with"left"ventricular"
ejection"fraction"(LVEF)"of"≥"40%."LSPAF"was"defined"as"continuous"AF"of"greater"than"oneO
year"duration"in"accordance"with"the"2012"HRS/EHRA/ECAS"consensus"document.26"
2.3.2!Rationale!X!Why!long!standing!persistent!AF?!
The" clinical" success" rates" for" catheter"ablation" in"paroxysmal"AF" (PAF)" are"high,"with" single"
procedure"success"rates"of"67O88%."90"91"Such"procedures"used"to"treat"nonOparoxysmal"AF,"in"
particular"LSPAF,"are"less"encouraging"with"single"procedure"success"rates"of"ranging"from"27O
38%.15"40"92O95" Traditional"open"heart"CoxOMaze"procedures"have"excellent" long" term" results,"
with" one" study" consisting" of" mixed" paroxysmal" (64%)" and" persistent" (36%)" patients"
demonstrating"87.5%"freedom"from"AF"at"a"mean"followOup"of"5.4"±"3"years.25"Due"to"the"high"
success" rates" of" catheter" ablation" in" PAF," openOheart" surgical" ablation" with" its" attendant"
invasiveness"is"understandably"rarely"considered"in"PAF."However,"with"the"advent"of"a"totally"
thoracoscopic" surgical" approach," coupled" with" encouraging" early" efficacy" data" in" patients"
with"LSPAF"(87%"freedom"of"atrial"arrhythmias"off"AAD"at"6"months),"this"alternative"strategy"
has"the"potential"to"confer"benefit"to"these"patients.77"LSPAF"patients"represent"the"hardest"
to"treat"subset"of"AF"patients"and"consequently"are"the"least"studied."Taking"into"account"all"
of" these" aforementioned" points," our" rationale" was" to" investigate" whether" this" alternative"
!!
52!
totally" thoracoscopic" surgical" ablation" approach" may" provide" superior" single/multiple"
procedural"efficacy,"compared"with"contemporary"catheter"ablation.!
2.3.3!Allocation!of!index!procedure!
Under" normal" clinical" care," patients" recruited" to" the" study" would" have" been" referred" for"
catheter" ablation" of" their" AF," and" hence" theoretically" were" also" suitable" for" thoracoscopic"
surgical"AF"ablation,"barring"specific"contraindications"for"thoracoscopic"surgical"procedures."
Therefore," assignment" of" the" index" procedure" was" based" predominantly" on" patient"
preference." Patients"were" given" the" REC" approved" detailed" patient" information" sheet" (see"
appendix)," and" the" opportunity" to" have" all" questions" answered" by" the" research" team"
(predominantly"the"Chief"Investigator"and"me)"to"help"facilitate"that"choice.""All" information"
given"was" factual"and"was"not"biased"towards"either"procedure," to"enable"the"choice"to"be"
based" entirely" on" patient" preference." All" patients" who" chose" the" surgical" option" were"
discussed"at"an"Electrophysiology"MultiODisciplinary"team"meeting,"consisting"of"at"least"one"
electrophysiologist" and"one" cardiothoracic" surgeon" (and"all" of" these"patients"were"deemed"
appropriate"to"proceed"with"their"chosen"surgical"ablation"option)."
"
!
!
!
!
!
!
!!
53!
!
!
Figure!2.1!Schematic!of!Trial!Design.!!
Key:! AAD' =' anti4arrhythmic' drug;' AF' =' atrial' fibrillation;' AT' =' atrial' tachycardia;' CMR' =' cardiac' magnetic'
resonance'imaging'study;'ECG'='124lead'electrocardiogram;'EHRA'='European'Heart'Rhythm'Association;'SF36'='
Quality'of'life'health'questionnaire;'TTE'='transthoracic'echocardiography.!
*"Comprising:'full'blood'count,'urea/creatinine/electrolytes,'coagulation'profile,'liver'and'thyroid'function'tests,'C4reactive'protein."
!
!
!
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2.4! Eligibility!Criteria!
2.4.1!Inclusion!criteria!
•! Age"≥"18"years"≤"80years;"
•! Symptomatic"LSPAF"(≥"12"months);"
•! Refractory" to" antiOarrhythmic" drugs" (or" antiOarrhythmic" drugs" contraindicated/not"
tolerated),"and/or"refractory"to"direct"current"cardioversion."
2.4.2!Exclusion!criteria!
•! Significant"impairment"of" left"ventricular"systolic"function"(LVEF"<"40%"as"determined"by"
baseline"cardiac"MRI);"
•! Contraindication"to"anticoagulation;"
•! Thrombus"in"the"left"atrium"(LA)"despite"anticoagulation;"
•! Active"malignancy;"
•! Cerebrovascular"accident"within"the"previous"6"months;"
•! Previous" thoracic" and" cardiac" surgery" (including" interventions" for" AF" such" as" CoxOMaze"
procedure)"if"patient"wished"to"have"thoracoscopic"surgical"AF"ablation;"
•! Prior"LA"catheter"ablation"with"the"intention"to"treat"AF;"
•! Prior"AV"nodal"ablation;"
•! Contraindication"to"general"anaesthesia;"
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•! Unable"to"provide"written"informed"consent;"
•! Patients"actively"participating"in"another"research"study"will"not"be"permitted"to"enrol;"
•! Patients"who"have"been" involved"with"other" research"studies"will"be"able" to"participate"
after"a"minimum"period"of"3"months"after"completion"of"prior"study"followOup."
"
2.5!Study!approvals!and!patient!recruitment!!
2.5.1!Ethical!and!NHS!approval!
The"study"was"given"ethical"approval"by"Oxfordshire"Research"Ethics"Committee"A" in"March"
2011." Local" institutional" NHS" Research" and" Development" approval" followed" in" June" 2011,"
with"trial"registration"(CASAOAF"Catheter"Ablation"versus"Surgical"Ablation"in"Persistent"Atrial"
Fibrillation)" prior" to" study" initiation" on" ClinicalTrials.gov" (ClinicalTrials.gov" identifier"
NCT01385358)."
2.5.2!Recruitment!
The" primary" recruitment" source" was" the" RB&HFT" outpatient" arrhythmia" clinics," including"
outreach" arrhythmia" clinics" from" nearby" district" general" hospitals." All" patients" who" were"
being" considered" for" catheter" ablation" for" their" LSPAF"were" deemed" as" potentially" eligible"
patients," based" on" a" brief" assessment" of" inclusion" and" exclusion" criteria." After" verbal"
discussion," those" interested" in" participating" in" a" research" study" were" given" the" detailed"
patient"information"sheet"(see"appendix)"which"provided"a"full"account"of"its"nature,"purpose,"
risks,"burdens"and"potential"benefits,"either"as"a"hard"copy"or"electronically"via"email"using"
the" secure" NHS" email" system." Patients" were" asked" to" take" their" time" to" consider" the"
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information," and" contact" the" study" coordinator" if" they"were" keen" to" participate." For" those"
who"did"not"make"contact,"a"followOup"telephone"call"was"made"at"two"weeks."For"potential"
study" subjects," fully" informed" consent" was" obtained" only" after" all" the" aforementioned"
information" had" been" given" and" patients" had" ample" time" to" deliberate" and" further"
opportunity" to" ask" questions." Patients" who" expressed" their" wish" to" participate" at" periods"
shorter"than"24"hours"were"permitted"if"the"patient"felt"that"further"deliberation"would"not"
lead"to"a"change"in"their"decision,"and"that"the"researcher"seeking"consent"was"satisfied"that"
the" patient" had" fully" retained," understood" and" deliberated" on" the" information" given." All"
patients"who"were"keen"to"proceed,"signed"the"ethically"approved"study"consent" form"(see"
appendix)" prior" to" undergoing" their" baseline" investigations" and" assessment," and" if" eligible"
were"enrolled"on"the"RB&HFT"site."The"number"of"patients"assessed"for"eligibility"through"to"
those"allocated"to"each"group"is"detailed"in"the"Consort"diagram"(Figure"6.1).""
"
2.6!Baseline!Investigations!
At"the"baseline"visit,"all"patients"were"assigned"a"patient"identification"code."This"unique"code"
was"recorded"on"all"source"data"worksheets,"and"used"to"identify"the"patient"throughout"the"
study."""
All" patients" had" a" thorough" medical" history" taken" and" underwent" clinical" examination,"
transthoracic"echocardiography"and"routine"blood"tests."All"51"patients"had"LSPAF,"with"the"
duration"of"continuous"AF"estimated"from"both"the"history"obtained"from"the"patient"and"the"
records" from" the" referring" cardiologist." If" a" patient" had" undergone" successful" DC"
cardioversion" (attaining" sinus" rhythm" >30" seconds)" within" 12" months" prior" to" the" index"
ablation"procedure,"but"had"had"documented"early"recurrence"of"AF"within"30"days,"this"did"
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not" alter" the" classification" of" AF" as" LSPAF" in" accordance" with" the" 2012" HRS/EHRA/ECAS"
consensus" document.26" The" duration" of"continuous"AF" was" defined" as" the" period" of"
continuous"AF" that" led"up" to" the" index"ablation"procedure."The" following" research"baseline"
investigations"(see"below)"were"conducted"prior"to"enrolment"into"the"study."Data"from"the"
baseline" visit" was" entered" into" the" CRF" and" were" then" subsequently" transferred" to" an"
electronic" CRF" (Microsoft" Excel" for" Mac" 2011" spreadsheet)," which" served" as" the" study"
database." Both" the" study" database" and" the" patientOparticipant" code" list" were" stored" on"
secure"local"NHS"computer"servers."
2.6.1!Cardiac!Magnetic!Resonance!Imaging!"
2.6.1.1!Acquisition!Technique!
A" 1.5OT" MR" system" with" 32Ochannel" cardiac" coil" (Magnetom" Avanto," Siemens" Healthcare,"
Germany)"was" used" to" scan" patients" in" this" study." The"MR" acquisition" protocol" consists" of"
retrospectively"gated"breathOhold"shortOaxis"and"transOaxial"cine"stacks"for"the"measurement"
of"ventricular"and"atrial"function."This"was"followed"by"a"transOaxial"stack"of"breathOhold"T2O
weighted"turbo"spin"echo"images"for"the"assessment"of"oedema.""A"coronal"navigatorOgated"
3D"steady" state" free"precession"acquisition"covering" the"whole"heart"was"performed" in" the"
systolic" or" diastolic" rest" period." FirstOpass" gadolinium" angiography" was" also" performed." A"
transaxial"navigator"gated"3D"late"gadolinium"enhancement"dataset"of"the"atria"was"acquired"
15"minutes" after" gadolinium"administration" for" the" assessment"of" atrial" scarring." Sequence"
parameters" included" repetition" time/echo" time" of" 55/1.7ms," inplane" voxel" size"
1.7x1.7x7.0mm,"base"resolution"256ms,"phase"resolution"100ms,"slice"thickness"7mm,"and"flip"
angle"59°."
"
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2.6.1.2!Image!Analysis"
LA" area" and" length" were" traced" on" the" atrial" systolic" and" atrial" diastolic" frames" of" the"
complete" cine" CMR" (Steady" State" in" Free" Precession," SSFP)" acquired" in" the" left" ventricular"
vertical"and"horizontal" long"axes."LA"maximum"volume"(ventricular"endOsystole)"was"defined"
as" the"phase"with"the" largest"LA"volume"on"visual"assessment"and" just"prior" to"mitral"valve"
opening." LA" minimum" volume" (ventricular" endOdiastole)" as" the" phase" with" the" smallest"
volume/dimension"at"the"point"of"mitral"valve"closure."LA"maximum"and"minimum"volumes"
were"then"calculated"using"the"biplane"areaOlength"method"for"ellipsoid"bodies."LA"emptying"
fraction" (active" LA" function)" was" then" calculated:" [LA" max" –" LA" min" /" LA" max]" x" 100." RA"
maximum"volume"(ventricular"endOsystole)"was"defined"as"the"maximal"RA"volume"just"prior"
to"the"tricuspid"valve"opening,"with"RA"minimum"volume"(ventricular"endOdiastole)"defined"as"
the"minimal"RA"volume"at"the"point"of"tricuspid"valve"closure.""
For" LA"volumes" calculations," the"biplane"areaOlength"method" for"ellipsoid"bodies"was"used,"
but"this"is"not"suitable"for"usage"in"the"RA"due"to"its"more"complex"morphology."RA"volumes"
were"instead"measured"from"a"stack"of"contiguous"transaxial"cines"covering"the"whole"of"the"
RA."The"right"atrial"appendage"was"included,"but"the"coronary"sinus"ostia"were"excluded"from"
the"RA"volumes."""
The" semiOautomated" software" package" (CMR" Tools," Cardiovascular" Imaging" Solutions,"
London)" was" used" for" all" atrial" and" ventricular" measurements." Left" and" right" ventricular"
volumes"at"endOdiastole"and"endOsystole"were"also"determined"using"this"software"package."96"
97"
Finally"all"atrial"and"ventricular"volumes"were"indexed"to"body"surface"area"(BSA)."The"image"
measurements"were"taken"by"an"observer"specialising"in"cardiac"MR"imaging"techniques"and"
were"blinded"to"the"ablation"modality,"the"patient’s"clinical"data"and"rhythm"outcomes"(see"
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chapter"4)."
!
2.6.2!SFX36!ShortXForm!Health!Survey!Questionnaire!(version!2)!
The"SFO36" is" a"well" validated"36"question" shortOform"health" survey,"which" yields" an"8Oscale"
profile"of" functional"health"and"wellObeing" scores" from" the"patient's"point"of" view.98" It" also"
provides"psychometrically"based"physical"and"mental"health"summary"measures."This"scoring"
system"was" chosen," as" it" is" practical," reliable," and" a" valid"measure" of" physical" and"mental"
health,"which"can"be"completed"in"less"than"ten"minutes."It"is"a"generic"health"measurement"
tool," and" accordingly" has" been" used" in" many" surveys" of" general" and" specific" populations,"
comparing"the"relative"burden"of"diseases,"and"in"differentiating"the"health"benefits"produced"
by" a"wide" range"of" different" treatments."Although" it" has"not" been" specifically" designed" for"
arrhythmias," the"SFO36"has"been"used"previously" to"assess"health" status" in"a"number"of"AF"
studies.98"After"answering"all"the"questions,"a"score"out"of"100"is"obtained"which"can"also"be"
interpreted"using"the"normObased"scoring"system"(Mean"="50,"SD"="10)."
2.6.3!EHRA!AF!Symptom!score!
The"EHRA"score"of"AFOrelated"symptoms"is"a"validated"simple"clinical"tool"designed"to"assess"
symptoms"whilst"patients"are"in"AF,"which"makes"it"very"suitable"for"LSPAF"patients.99"EHRA"
class" I" represents" ‘no" symptoms’," whilst" at" the" other" end" of" the" spectrum" EHRA" class" IV"
represents" ‘disabling" symptoms’" such" that" normal" daily" activity" is" discontinued." In" essence,"
the"higher"the"EHRA"class"the"greater"the"symptoms,"and"the"lower"the"quality"of" life." "This"
scoring"system"only"considers"symptoms"attributable"to"AF"and"importantly"can"be"reversed"
upon" restoration" and" maintenance" of" normal" SR." This" scoring" system" was" given" to" each"
patient"for"completion,"without"additional"prompting"by"the"investigator,"at"the"beginning"of"
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each"visit"prior"to"clinical"interview"and/or"examination."To"reduce"the"chance"of"participant"
bias,"patients"were"not"allowed"to"see"their"score"from"previous"attendances."
"
2.7!PreXIntervention!
2.7.1!Assignment!of!index!procedure!
After"baseline"investigations,"those"patients"who"were"eligible"were"asked"their"preference"of"
index"procedure."Patients"would"have"typically"had"4O6"weeks"to"consider"the"detailed"patient"
information"sheet,"which"provided"a"comprehensive"account"of"the"study,"its"nature,"purpose,"
risks," burdens" and"potential" benefits."At" the"baseline" consultation," patients"were" given" the"
opportunity" to"ask"any" further"questions" to"help"aid" their"decision"and"additional" time"was"
given"for"those"who"required"it."""
If" the" patient" chose" catheter" ablation" they" would" be" placed" on" the" waiting" list" with" the"
procedure" scheduled" within" 8" weeks" of" their" baseline" investigations." If" the" patient" chose"
surgical" ablation," they" were" discussed" at" the" Electrophysiology" MultiODisciplinary" Team"
meeting" consisting" of" at" least" 1" electrophysiologist" and"1" cardiothoracic" surgeon" to" ensure"
this"was"deemed"a" sensible" clinical"decision" (all"were"deemed"appropriate" to"proceed"with"
surgical"ablation"option)."Once"agreed"they"were"booked"to"see"the"cardiothoracic"surgeon"in"
outpatients,"at"which"point"they"were"listed"for"surgical"ablation"within"8"weeks."
2.7.2!Anticoagulation!regime!
All" patients"were"already"established"on"oral" anticoagulation"at" the" time"of"enrolment." For"
patients" in" both" arms" of" the" study," it" was" mandatory" to" have" 4" consecutive" weekly" INR"
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readings"in"the"normal"therapeutic"range"of"2O3"prior"to"the"scheduled"date"of"ablation,"with"
the" differences" in" anticoagulation" regime" between" the" two" groups" immediately" before"
ablation"detailed"below."
For" those" undergoing" catheter" ablation," procedures" were" performed" on" uninterrupted"
warfarin"with"an"INR"in"the"range"2O3.5."
For"those"in"the"surgical"ablation"arm,"oral"anticoagulation"was"discontinued"5"days"prior"to"
the" scheduled" date" of" ablation" with" patients" receiving" subcutaneous" injections" of" low"
molecular"weight"heparin" (1.5mg/kg)"until"24"hours"prior" to"ablation."Bridging"therapy"with"
concomitant" warfarin" was" resumed" at" least" 6" hours" after" the" ablation" procedure" in" the"
absence"of"active"bleeding."
2.7.3! Catheter!ablation!group!
Patients"enrolled"into"the"catheter"ablation"group"were"scheduled"to"undergo"percutaneous"
radiofrequency" (RF)" catheter" ablation" as" described" in" section" 2.8" with" a" provisional" date"
identified" at" the" time" of" enrolment." No" adjustments" to" medication" were" made" preO
procedurally,"unless"there"was"a"clear"clinical"need"for"optimisation"of"medical"therapy."The"
followOup"period"was"protocolled"to"commence"the"day"index"ablation"had"been"completed."
This"was"not"to"be"reset"after"any"repeat"procedures."
2.7.4! Thoracoscopic!surgical!ablation!group!
Patients"enrolled" into"the"thoracoscopic"surgical"ablation"group"were"scheduled"to"undergo"
thoracoscopic"surgical"ablation"as"described"in"section"2.9"with"a"provisional"date"identified"at"
the"time"of"the"surgical"outpatient"appointment."No"adjustments"to"medication"were"made"
preOprocedurally,"unless"there"was"a"clear"clinical"need"for"optimisation"of"medical" therapy."
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The" followOup" period" was" protocolled" to" commence" the" day" index" ablation" had" been"
completed."This"was"not"to"be"reset"after"any"repeat"procedures.""
!
2.8!Catheter!ablation!procedural!protocol!
In" each" case," the" procedure" was" performed" under" general" anaesthesia" on" uninterrupted"
warfarin"therapy"in"accordance"with"2012"HRS/EHRA/ECAS"consensus"document"guidelines."26"
A"transoesophageal"echocardiogram"(TOE)"was"performed"at"the"start"of"the"case"to"ensure"
absence"of"thrombus"in"the"left"atrial"appendage"(LAA)"and"LA,"assess"the"interatrial"septum"
and" pulmonary" venous" (PV)" anatomy" and" guide" transOseptal" puncture." Double" transOseptal"
punctures"were"used"to"access"the"LA"via"a"Brockenburgh"needle."Two"long"sheaths"(Preface"
Biosense" Webstar," Diamond" Bar," CA," USA)" were" then" placed" in" the" LA" to" allow" the"
introduction" of" mapping" and" ablation" catheters." Further" anticoagulation" in" the" form" of"
intravenous"heparin"was"given"from"this"point"onwards"to"achieve"a"target"activated"clotting"
time"(ACT)">"300"seconds."Multiple"ACT"measurements"were"taken"thereafter"to"ensure"this"
target"ACT"was"maintained."The"two"long"sheaths"in"the"LA"were"also"continuously"perfused"
with"heparinised"saline"at"25O50"ml"per"hour.""
The"following"catheters"were"then"placed"in"the"heart:"steerable"decapolar"catheter"(CR"Bard,"
Lowell," MA," USA)" into" the" coronary" sinus" (CS);" quadripolar" catheter" into" the" right" atrial"
appendage"(RAA)"to"allow"the"measurement"of"the"RAA"cycle"length"(CL);"duodecapolar"highO
density"mapping" catheter" AFocus" II" (St" Jude"Medical)" inserted" via" one" of" the" long" sheaths"
initially" to" the" right" atrium" (RA)" and" then" to" the" left" atrium" (LA)" sequentially;" and" finally" a"
3.5mm"irrigatedOtip"DOF"SF"ablation"catheter"(Thermocool,"Biosense"Webster)."
After" collection" of" biOatrial" geometry" using" the" EnSite" VelocityTM" system" threeOdimensional"
!!
63!
cardiac"mapping"system"(St"Jude"Medical)"(Figure"2.2)"RF"catheter"ablation"was"commenced"
using"a"3.5mm"irrigatedOtip"DOF"SF"ablation"catheter"(Thermocool,"Biosense"Webster)."Power"
was"limited"to"35W"in"the"anterior"LA,"30W"on"posterior"wall,"25W"within"CS,"and"40W"in"the"
cavoOtricuspid"isthmus"(CTI)."The"following"sequence"of"ablation"lesions"were"conducted"in"a"
stepwise"fashion:"
"
•! Wide"area"circumferential"antral"electrical"isolation"of"all"four"PVs;"
•! Linear"ablation"lesion"connecting"the"contralateral"superior"PVs"(roof"line);"
•! Linear"ablation"lesion"connecting"the"lateral"mitral"isthmus"to"the"inferior"aspect"of"
the"left"inferior"PV"(mitral"isthmus"line);"
•! Targeted"ablation"of"complex"fractionated"electrograms"(CFE)"ablation"within"the"LA;"
•! DC"cardioversion"to"SR"if"AF"still"persisted;"
•! Cavotricuspid"isthmus"(CTI)"ablation"within"the"RA"only"if"documented"evidence"of"
typical"or"atypical"atrial"flutter."
"
Figure!2.2!Catheter!Ablation!3D!Mapping!System!and!Thoracoscopic!Surgical!Ablation!System!
A'='EnSite'VelocityTM'system'three4dimensional'cardiac'mapping'system'(St'Jude'Medical),'B'='AtriCure'Operating'
Tower' including' Micropace' OR' lab' intra4operative' testing' unit' and' AtriCure' Ablation' and' Sensing' Unit.'
Reproduced'with'permission'from'St'Jude'Medical'(source'professional.sjm.org)'and'from'AtriCure'Inc.''
!!
64!
In" addition" to" the" aforementioned" steps," the" electrophysiological" properties" of" both" atria"
were"examined"immediately"before"and"after"each"step"of"ablation."This"was"achieved"firstly"
by"acquiring"a"CFE"map,"(via"multiple"contact"points"on"the"internal"surface"of"both"atria)"with"
documented" mean" cycle" lengths" (CL)" of" local" electrograms" using" a" multipolar" mapping"
catheter,"and"secondly"by"recording"the"AF"cycle"length"(AFCL)"within"the"appendages"of"both"
atria"(see"chapter"3)"at"each"of"these"stages.""
The"absolute"minimum"goal"for"these"catheter"ablation"procedures"was"to"achieve"PVI."If"AT"
ensued" before" completion" of" PVI," then" PVI" would" be" completed" before" commencing" the"
ablation"treatment"of"the"AT.""
After"restoration"of"SR"(either"by"termination"of"AF"through"ablation,"or"by"DC"cardioversion),"
all" linear" lesions" were" thoroughly" assessed" for" biOdirectional" block." This" was" conducted" by"
differential"pacing"and"sensing"manoeuvres;" from"the"LAA"and"posterior"wall," to"assess" the"
roof"and"mitral"lines,"and"from"the"proximal"CS"to"assess"the"CTI"line"if"deployed.""
2.8.1! Immediate!post!catheter!ablation!care!
Post"catheter"ablation"patients"routinely"remained"in"hospital"on"the"night"of"the"procedure,"
and"were" discharged" the" following" day" in" the" absence" of" complications" requiring" a" longer"
inpatient" stay" and" after" satisfactory" routine" transthoracic" echocardiography" (i.e." without"
significant"pericardial"collection)."
"
"
"
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2.9!Thoracoscopic!surgical!ablation!procedural!protocol!
Details"of"the"operation"are"as"described"previously"by"Yilmaz"and"others.72"79"In"addition"we"
included"the"presence"of"a"cardiac"electrophysiologist"to"ensure"conduction"block"was"tested"
thoroughly"and"achieved"for"all"lesions."""
The" procedure"was" performed" under" general" anaesthesia"with" doubleOlumen" endotracheal"
tube"tracheal" intubation" for"selective" lung"ventilation."The"entire"procedure"was"performed"
on"the"beating"heart"without"the"use"of"extracorporeal"circulation."A"TOE"was"then"performed"
to"ensure"exclusion"of"thrombus"in"the"LAA"and"LA"and"assess"PV"anatomy."After"appropriate"
positioning" of" the" patient" to" facilitate" thoracoscopic" access," three" thoracoports" were"
introduced" on" the" right" side" (two" 5mm"ports" and" one" 10mm"working" port)" in" a" triangular"
shaped" configuration" appropriate" to" the" patient’s" body" habitus" (Figure" 2.3)." The" right" lung"
was" then" deflated" and" maintained" using" continuous" carbon" dioxide" insufflation" into" the"
pleural" cavity" at" 8O10" mmHg." Using" endoscissors" and" the" endograsper" tools" through" the"
working" ports," dissection" down" to" the" pericardium" was" performed." A" cranioOposterior"
pericardiotomy"was" performed" anteriorly" and" parallel" to" the" phrenic" nerve,"maintaining" at"
least"4O5cm"distance"from"the"phrenic"nerve," to"expose"the"superior" (SVC)"and" inferior"vein"
cavae"(IVC)."To"aid"visualisation,"two"pericardial"retraction"sutures"were"used,"taking"care"not"
to"apply"excessive"tension"to"avoid" inadvertent"phrenic"nerve"damage."Blunt"dissection"was"
performed" using" the" Lumitip" dissector" (AtriCure" Inc.," Westchester," OH," USA)" (Figure" 2.4),"
which"has"an"illuminated"tip"and"a"distal"dissection"arm."""
"
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"
Figure!2.3!Thoracoport!access!sites!on!right!side!of!chest!for!thoracoscopic!surgical!ablation.!!
On'this'right4sided'example,'one'5mm'port'is'placed'4th'intercostal'space'in'mid4axillary'line'with'another'5mm'
port'placed'in'the'3rd'intercostal'space'anteriorly'in'the'mid4clavicular'line.'A'10mm'port'is'placed'in'the'6th/7th'
intercostal'space'in'the'mid4axillary'line.'
"
PVI" was" then" performed" on" the" right" side" from" the" epicardial" surface" with" the" aid" of" the"
Lumitip" dissector" (AtriCure" Inc.)" and" bipolar" RF" ablation" clamp" (AtriCure" Inc.)" (Figure" 2.4)."
Overlapping"applications"were"deployed"around"each"ipsilateral"pair"of"PVs."RF"is"delivered"in"
bipolar"mode"at"a"frequency"of"460KHz"with"power"output"that"ranges"form"12"to"30"watts."
Using" the" tissue" conductance"measurements" the"Ablation"and"Sensing"Unit" (ASU)" (AtriCure"
Inc.)" (Figure"2.2)"gives"an"audible"and"visual"warning"when"transmurality"has"been"reached.!
PVI"was"then"assessed"using"the"multifunctional"ablation"and"pacing"pen"and"the"Micropace"
OR" lab" intraoperative" testing" unit" (AtriCure" Inc.)" (Figure" 2.2)," initially" to" ascertain" entrance"
block,"and"towards" the"end"of" the"procedure,"upon"restoration"sinus"rhythm," to"assess"exit"
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block" during" pacing," (see" section" 2.9.3)." If" PVI" was" incomplete" upon" initial" entrance" block"
testing,"further"ablation"was"performed"until"PVI"was"achieved."PVI"destroys"the"majority"of"
the" epicardial" ganglionic" plexi" (GP)" located" at" the" PV" antrum." To" locate" any" remaining" GP"
(often" found" at" the" inferior" aspect" of" the" posterior"wall)," highOfrequency" stimulation" (1200"
bpm," 18" V" output," 2" ms" pulse" width)" using" the" multifunctional" ablation" and" pacing" pen"
(AtriCure"Inc.)"was"used,"and"if"identified,"then"ablated"using"the"ablation"function"of"the"pen"
with"confirmation"of"abolition"by"the"absence"of"a"vagal"response.""
"
"
Figure!2.4!Thoracoscopic!surgical!tools!(AtriCure!Inc.)!
A'='Lumitip'dissector,'B'='Coolrail'linear'pen,'C'='Bipolar'RF'ablation'clamp,'D'='AtriClip®'LAA'occlusion'system.'
Reproduced'with'permission'from'AtriCure'Inc.'
"
Additional"linear"lines"were"then"undertaken"using"the"internally"irrigated"bipolar"RF"Coolrail®"
linear"pen"(AtriCure"Inc.)"(Figure"2.4)"connecting"the"contralateral"superior"PVs"(roof"line)"and"
the"inferior"PVs"(inferior"line)"to"commence"a"posterior"box"lesion"(Figure"2.5)."The"linear"pen"
applications"were" guided"by" the" conductance" indicator" on" the"ASU"as" described"earlier" for"
PVI."Lesions"were"overlapped"to"ensure"contiguous"linear"lesions"were"achieved.""
"
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Figure!2.5!Intraoperative!image!showing!surgical!linear!(roof)!line!of!ablation!
Key:'LSPV'='left'superior'pulmonary'vein,'LAA'='left'atrial'appendage,'SVC'='superior'vena'cava,'LA'='left'atrium.'
 
The"surgical"team"then"switched"to"the"left"side"with"a"similar"approach"as"to"the"right"except"
for"some"important"differences."Firstly,"the"pericardiotomy"was"more"posterior"to"the"phrenic"
nerve"and" secondly" the" ligament"of"Marshall" (a"potential" source"of" adrenergic"driven"atrial"
arrhythmias)"was"dissected."After"PVI"of"the"left"sided"PVs,"the"posterior"box"lesion"was"then"
complete." This"marked" the" completion"of" the" set"of" ablation" lesions." If"AF"persisted"at" this"
time" point," external" DC" cardioversion" was" conducted" to" restore" SR" and" allow" for" further"
conduction"block"testing."Sensing"and"pacing"manoeuvres"(see"section"2.9.3)"were"conducted"
using" the" multifunctional" ablation" and" pacing" pen," as" well" as" the" 20" pole" multielectrode"
recording" catheter" (Bard" RADIA™" Bidirectional" Diagnostic" Catheter)" to" verify" electrical"
isolation"of" the"posterior"box" in"SR."The"LAA"was"then"excluded"using"either"an"amputating"
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thoracoscopic" surgical" stapler" device" (Endo" GIA," Covidien)" or" the" AtriClip®" LAA" occlusion"
system"(AtriCure"Inc.)"(Figure"2.4)."The"pericardium"was"closed"and"a"chest"drain"inserted"into"
the"right"pleural"space"with"port"access"closure"performed,"and" local"anaesthetic" (Lidocaine"
1%)"applied"into"the"intercostal"spaces"to"relieve"postoperative"pain.""
"
In" summary," the" following" sequence" of" thoracoscopic" surgical" ablation" lesions" were"
conducted"in"a"stepwise"fashion:"
•! Pulmonary"vein"isolation;"
•! GP"ablation;"
•! Linear"ablation"connecting"the"contralateral"superior"PVs"(roofline);"
•! Linear"ablation"connecting"the"contralateral"PVs"(inferior"line);"
•! DC"cardioversion"if"still"in"AF;"
•! LAA"exclusion."
"
2.9.1!Ganglionic!plexi!ablation!
LA"GP"are" autonomic" targets" for"AF" ablation,"which"due" to" their" epicardial" location" can"be"
targeted"by"thoracoscopic"surgical"ablation."The"four"major"LA"GP"are"the"superior"left"GP,"the"
inferior" left" GP," the" anterior" right" GP" and" the" inferior" right" GP," which" are" located" within"
epicardial" fat" pads" at" the" border" zones" of" the" PV" antrum." Localisation" of" these" GP" is"
conducted"by"high" frequency" stimulation" (HFS)" and"deemed"positive"when" a" positive" vagal"
response"is"elicited"(>50%"lengthening"of"ROR"interval"and/or">"3"seconds"of"asystole)."These"
are"then"targeted"for"ablation"and"retested"until"HFS"does"not"elicit"a"vagal"response."
"
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2.9.2!Left!atrial!appendage!exclusion!
The"RB&HFT"has"rigorous"safety"protocols"in"place"to"protect"patients"when"introducing"new"
interventional"techniques."The"RB&HFT"Clinical"Practice"Committee"(CPC)"recommended"that"
LAA"exclusion"could"be"undertaken"after"the"first"ten"patients"had"undergone"thoracoscopic"
surgical" ablation." " This" was" adhered" to" with" LAA" exclusion" undertaken" after" the" tenth"
thoracoscopic" surgical" ablation" case" using" either" a" thoracoscopic" surgical" stapler" or" the"
AtriClip®"LAA"occlusion"system"(Figure"2.4)."
2.9.3!Intraoperative!testing!of!conduction!block!
A"crucial"aspect"of"the"thoracoscopic"surgical"ablation"procedure"in"terms"of"achieving"success"
is"confirmation"of"conduction"block"of"the"lesions."During"the"application"of"ablation"lesions"
using" the" bipolar" RF" ablation" clamp" (AtriCure" Inc.)" a" graph" of" tissue" conductance"
(current/voltage)" versus" time" is" displayed" on" the" ablation" and" sensing" unit" (ASU)" monitor"
(AtriCure"Inc.)"(Figure"2.2)."This"device"produces"and"delivers"RF"energy"in"a"bipolar"mode,"at"a"
frequency"of"approximately"460"kHz,"with"a"maximum"output"power"ranging" from"12"to"30"
Watts." Using" measurements" of" conductance," the" ASU" determines" when" transmurality" has"
been" achieved." Conventional" intraoperative" surgical" testing" is" undertaken" using" the"
multifunctional"ablation"and"pacing"pen."The"pen" is"placed"sequentially"on"the"superior"and"
inferior" PVs" after" lesions" have" been"delivered" using" the" bipolar" RF" ablation" clamp" to" show"
entrance"block."The"pen"is"then"used"to"pace"the"PV"side"of"the"PVI"lesions"to"ensure"the"atrial"
body" does" not" capture," which" confirms" exit" block." For" the" success" of" the" procedure," it" is"
essential" to" assess" and" confirm" biOdirectional" conduction" block" of" all" ablation" lines." If"
conduction" block" is" not" confirmed," ablation" should" be" repeated" and" conduction" block"
reassessed"until"biOdirectional"block"is"achieved."
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One" of" the" potential" disadvantages" of" only" using" the" conventional" intraoperative" surgical"
multifunctional"ablation"and"pacing"pen,"is"that"it"may"miss"regional"electrical"connections"of"
the"PV."An"alternative"electrophysiological"mapping"strategy"was"developed"and"adopted"for"
this"study"and"involves"using"a"20"pole"multielectrode"EP"catheter"(Bard"RADIA™"Bidirectional"
Diagnostic" Catheter)," designed" primarily" for" percutaneous" endocardial" electrophysiological"
mapping" and" the" EnSite" VelocityTM" system" threeOdimensional" cardiac" mapping" system" (St"
Jude"Medical)."The"multielectrode"catheter"is"introduced"through"one"of"the"ports,"visualised"
by" the" camera" and"positioned"using" standard" thoracoscopic" instruments." The" catheter"was"
then"connected"to"the"EnSite"VelocityTM"system"for"recording"of"electrograms."The"catheter"
was"wrapped" around" the" entire" circumference" of" each" of" the" ipsilateral" pairs" of" veins" and"
used"to"map"the"PVs"at"multiple"locations"to"provide"detailed"confirmation"of"entrance"block,"
akin" to" the" use" of" the" 20Opole" circular" catheter" in" conventional" catheter" ablation." After"
completion"of"the"box"lesion"it"was"also"placed"within"the"box"lesion"on"the"posterior"wall"to"
test"for"entrance"block."
2.9.4!Immediate!post!thoracoscopic!surgical!ablation!care!
Post"thoracoscopic"surgical"ablation"patients"routinely"went"to"the"intensive"care"unit"for"12"
hours,"before"moving"to"either"the"high"dependency"unit"or"a"standard"surgical"ward"
depending"on"the"patient’s"progress."Low"molecular"weight"heparin"was"commenced"six"
hours"after"surgery"and"warfarin"commenced"once"the"chest"drains"were"removed."The"
patient’s"rhythm"was"monitored"via"telemetry"and"if"AF"ensued"then"rate"control"was"
initiated,"but"no"AAD"drugs"were"commenced."Patients"typically"remained"in"hospital"for"3O5"
nights,"and"were"discharged"following"appropriate"control"of"postOoperative"pain"and"
satisfactory"routine"clinical"investigations"(e.g."chest"xOray"and"transthoracic"
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echocardiography).""
"
2.10!Post!Intervention!
2.10.1!AntiXArrhythmic!Drug!(AAD)!therapy!
AAD" therapy," defined" as" class" I" and" III" AADs," were" discontinued" at" the" time" of" the" index"
procedure"if"not"already"done."
2.10.2! Blanking!Period!
In" accordance"with" the" 2012"HRS/EHRA/ECAS" consensus" document" there"was" a" 3Omonths’"
‘blanking’"period,"during"which"any"recurrence"of"AF"or"new"onset"of"AT"could"be"treated"by"
DC"cardioversion.26"ATs"after" the" ‘blanking’"period"generally" resulted" in"the"scheduling"of"a"
second" ablative" procedure." Any" further" intervention" and/or" antiOarrhythmic" drug" use" after"
the"index"ablation"procedure"and"outside"the"3Omonths’"blanking"period"constituted"a"fail"in"
the"primary"endpoint."
2.10.3!Repeat!ablation! procedures!
If"patients"required"a"repeat"procedure,"this"would"always"be"catheter"ablation,"as"it"would"be"
challenging"to"undergo"a"repeat"thoracoscopic"surgical"ablation"due"to"fibrosis"from"the"index"
procedure." Therefore," the" catheter" ablation" protocol" for" repeat" procedures" regardless" of"
index"ablation"modality"was"as"follows:"
•! Checking"integrity"of"PVI"and"proceeding"to"reOisolation"if"reconnection"identified;"
•! If"AT,"diagnose"mechanism"and"treat"in"conventional"manner"(see"Chapter"3);""
•! Confirmation" of" integrity" of" linear" lesions" in" SR." If" any" linear" lesions" were" deemed"
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incomplete"then"further"ablation"was"conducted"to"reOestablish"biOdirectional"block"(with"
a"minimum"15"minute"waiting"time);"
•! If"AF"persisted"then"CFE"ablation"was"conducted"within"either"the"LA"or"RA;""
•! Other"lesions"could"be"added"at"the"discretion"of"the"operator."
"
"
2.10.4!FollowXup!visits!
"
"
The"onset"of"the"followOup"period"was"defined"as"the"day"of"the"index"ablation"procedure"in"
both"groups"of"the"study."Thereafter,"the"followOup"schedule"included"assessments"at"3,"6,"9"
and"12"months"(Figure"2.6).""In"addition,"patients"were"brought"up"for"urgent"assessment"of"
any" symptomatic" arrhythmia" episodes" that" were" reported" between" these" followOup" time"
points," to" enable" accurate" assessment" of" clinical/partial" success" post" ablation." Patients"
underwent"the"following"assessments"at"these"visits:"
"
•! History"and"clinical"examination"(all"visits);"
"
•! EHRA"AF"symptom"score"(all);"
"
•! SF36"Quality"of"Life"Questionnaire"(all);"
"
"
•! 7Oday"continuous"ambulatory"rhythm"monitor"(3,"6,"9"and"12"months);"
"
"
•! Transthoracic"echocardiogram"for"clinical"surveillance"(baseline"and"12"months);"
"
•! Cardiac"MRI"(baseline,"3,"and"9"months);"
"
•! Blood" tests" for" clinical" surveillance:" full" blood" count,"urea"&"electrolytes," liver" function"
tests,"thyroid"function"tests,"lipid"profile,"CRP."
"
"
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"
Figure!2.6!–!Schedule!of!followXup!visits!
"
"
!
2.11!Statistical!analyses!
2.11.1!Power!Calculation!
Due" to" paucity" of" data" with" regards" to" the" primary" endpoint," particularly" with" regards" to!
thoracoscopic"surgical"ablation"outcomes"in"LSPAF"patients,"it"was"difficult"to"perform"robust"
power" calculations." However," an" estimated" single" procedure" success" rate" at" 9"months" for"
surgical" ablation" of" 80%," and" an" estimated" single" procedure" success" rate" at" 9" months" for"
catheter" ablation" of" 40%" allowed" us" to" make" an" estimate" of" sample" size" calculation." To"
achieve"this"effect"size"at"80%"power"and"for"5%"significance"required"a"sample"size"of"23"per"
group"(total"n=46)."The"final"sample"size"for"the"study"was"51."
2.11.2!Statistical!analysis!
All"categorical"data"were"presented"as"proportions"and"comparisons"were"made"using"the"chiO
squared"test"or"Fisher’s"exact"test."Normally"distributed"continuous"variables"were"presented"
as"mean"±"SD"and"comparisons"made"using"the"2Osample"tOtest."Skewed"continuous"data"were"
presented" as" the"median" (interquartile" range),"with" comparisons"made" using" the"Wilcoxon"
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rank" sum" test" and" often" visually" represented" using" box" plots." Outcomes" analysis" was"
performed"as"per"intention"to"treat"and"by"independent"comparison"of"absolute"change"from"
baseline"where"deemed"appropriate.""ArrhythmiaOfree"survival"was"analysed"by"KaplanOMeier"
survival"curves"with"logOrank"comparisons"using"the"MantelOCox"test."ROC"statistics"were"used"
as"a"measure"of"model"performance"for"regression"modeling."
Statistical" significance" was" defined" as" p<0.05." Data" were" analysed" using" GraphPad" Prism"
version" 6.00" for" Mac" (GraphPad" Software," San" Diego" California," USA)" and" R" statistical"
software"(version"3.1.2)"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
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Chapter!3!
The!CFE!subXstudy:!mechanistic!insights!into!the!electrical!
substrate!of!long!standing!persistent!atrial!fibrillation!
"
"
"
3.1!Abstract!
3.1.1!Introduction!
The" interventional" treatment" of" nonOparoxysmal" (persistent" and" long" standing" persistent)"
atrial"fibrillation"(AF)"remains"one"of"the"most"intriguing"aspects"of"invasive"electrophysiology."
In" addition" to" pulmonary" vein" isolation" (PVI)," these" advanced" atrial" myopathies" require"
additional" substrate" modification," which" in" contemporary" practice" entails" linear" lesions"
and/or"ablation"of"complex"fractionated"electrograms"(CFE)."Despite"extensive"left"atrial"(LA)"
ablation" via" these" techniques," single" procedure" success" (defined" as" freedom" from" atrial"
arrhythmia)" is"at"best"modest" in"this"group"of"patients,"and"often"needs"repeat"procedures."
This"subOstudy"was"designed"to"evaluate"the"effects"of"a"systematic"ablation"strategy"on"the"
advanced"electrical"substrate"found"in"patients"with"long"standing"persistent"atrial"fibrillation"
(LSPAF)" and" preserved" left" ventricular" function," as"well" as" to" compare"with" our" previously"
published"data"in"patients"with"persistent"AF"in"heart"failure. 
3.1.2!Methods!
The" patient" enrolment" criteria" comprised" patients" undergoing" first" time" ablation" for" LSPAF"
with" left" ventricular" ejection" fraction" of" at" least" 50%" or" greater." The" catheter" ablation"
procedure"protocol"incorporated"the"acquisition"of"multiple"highOdensity"CFE"maps"including"
the" biOatrial" AF" cycle" length" (AFCL)" at" each" stage" of" the" procedure." The" sequence" of" data"
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acquisition"was"as"follows:"
Step"1"O"Baseline"biOatrial"CFE"maps"and"biOatrial"AFCL;"
Step"2"O"LA"CFE"map"and"biOatrial"AFCL"post"PVI;"
Step"3"O"LA"CFE"map"and"biOatrial"AFCL"post"linear"lesions"(roof"and"mitral"isthmus);"
Step"4"O"Final"biOatrial"CFE"maps"and"biOatrial"AFCL"post"LA"CFE"ablation" "
The" CFE" area"was" defined" as" the" surface" area" of" CFE" (120ms)" that"was" remote" to" PVI" and"
linear"lesion"ablation"sites"and"all"of"the"data"was"then"analysed"offline."
In" addition," the" biOatrial" CFE" area," AFCL," and" clinical" outcome" data" from" these" nonOheart"
failure"patients"(nonOHF"group)"were"then"compared"with"previously"published"data"in"a"heart"
failure" cohort" (HF" group)" from" our" institution," in" order" to" understand" the" differences" in"
substrate"between"the"two"groups."
3.1.3!Results!"
CFE"data"was"available"from"158"maps"from"30"patients."In"response"to"LA"ablation,"baseline"
LA" CFE" area" decreased" post" PVI" (27.6±11.8" to" 21.6±12.5" cm2;" p<0.001);" post" linear" lesions"
(21.6±12.5" to" 16.5±9.8" cm2;" p=0.002);" and" post" CFE" ablation" (16.5±9.8" to" 7.8±8.7" cm2;"
p<0.001)." LA" ablation" also" resulted" in" decreased" final" RA" CFE" area" (39.8±19.3" to" 24.1±12.9"
cm2;"p=0.0003)."Overall,"the"mean"LA"AFCL"prolonged"(153±18"to"173±29"ms;"p<0.0001),"but"
the"mean"RA"AFCL"did"not"prolong"as"a"result"of"LA"ablation"(163±18"to"168±24"ms;"p=0.26),"
resulting" in"a"final"mean"RA"AFCL"that"was"shorter"than"the"final"mean"LA"AFCL"(168±24"vs."
179±42" ms;" p=0.70)." Primary" roof" block" predicted" reduction" in" remote" RA" CFE" area"
(coefficient" 23.2" cm2," 95%" CI" (3.2O43.2," p=0.03)." The" duration" of" radiofrequency" (RF)" time"
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spent"ablating"CFE"was"an"independent"predictor"of"single"procedure"arrhythmiaOfree"survival"
at"1"year."
Comparison"of"this"with"data"from"our"previously"published"data"in"a"HF"cohort"showed"that:""
RA" surface" areas"were" larger," baseline" and" final" biOatrial" CFE" areas"were" higher," and" there"
were"different"patterns"of"biOatrial"AFCL"prolongation" in"the"nonOHF"group"post"LA"ablation."
The" KaplanOMeier," single" procedure," arrhythmiaOfree" survival" estimation" at" 1" year" was"
significantly" lower" in"the"nonOHF"group"compared"with"the"HF"group"(41%"vs."72%," log"rank"
p=0.03)."!
3.1.4!Conclusions!
The"sequential"reduction"in"remote" LA"and"overall"reduction"in"RA" CFEOarea,"observed"post"
PVI"and"LA"linear"lesions,"confirms"that"a"significant"proportion"of"CFE"are"likely"to"represent"
passive" bystander" activity." The" fact" that" RF" time" targeting" CFE" ablation" is" an" independent"
predictor"of"clinical"outcome"highlights" the" importance"of" incorporating"CFE"ablation"within"
the" ablation" strategy" for" LSPAF" patients." The" significant" difference" in" clinical" outcome"
between" the" nonOHF" and" HF" groups" may" be" explained" by" important" differences" in" the"
substrate."Firstly,"the"nonOHF"LSPAF"group"had"larger"RA"surface"areas"and"higher"proportions"
of" biOatrial" baseline" and" post" ablation" CFE." Secondly," the" divergent" pattern" in" AFCL"
prolongation"resulting"in"a"RA"to"LA"frequency"gradient,"in"the"nonOHF"group,"implies"that"this"
may"represent"a"more"complex"primary"atrial"myopathy"than"that"when"AF"occurs"secondary"
to"HF." The" correct" identification"of" functionally" important"CFE"drivers," and/or"patients" that"
may"benefit"from"additional"RA"ablation,"may"well"be"the"key"to"improving"clinical"outcomes"
in"LSPAF."
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3.2!Introduction"
Contemporary" catheter" ablation"of" paroxysmal"AF" via"wide"area" circumferential" pulmonary"
vein" isolation" (PVI)" is" highly" effective," with" single" procedure" success" rates" of" 67O88%.91"101"
However,"results"for"those"with"nonOparoxysmal"forms"of"AF"remain"suboptimal,"ranging"from"
38O62%"single"procedure"success"off"AAD.39"Although"PVI"is"now"regarded"as"the"cornerstone"
of" all" AF" ablation" procedures," PVI" alone" has" been" demonstrated" to" be" inadequate" with"
regards" to" maintenance" of" sinus" rhythm" in" nonOparoxysmal" AF.15" 90" In" these" patients,"
additional" substrate" modification" is" required" over" and" above" PVI" to" improve" ablation"
outcomes," although" despite" these" additional" ablation" lesions," patients" often" need"multiple"
procedures"to"increase"success"rates.39"Substrate"modification"can"entail"targeted"ablation"of"
CFEs" and" conducting" linear" lesions," both" of" which" have" shown" variable" outcomes" in"
randomised" controlled" studies.39"Areas" of" CFEs" have" been" postulated" to" represent" critical"
regions" that" can"maintain" AF" although" their" exact" significance" remains" debated," and" their"
existence" may" be" heterogeneous" in" origin" (e.g." slow" conduction" zones," pivot" points,"
anisotropy"that"can"facilitate"localised"reOentry).33"62"101"O103"
Previous" studies"have"shown" that" in"mixed"classifications"of"AF" (paroxysmal,"persistent"and"
LSPAF),"PVI"does"reduce"the"amount"of"CFE"both"in"the"vicinity"of"the"PVs"and"at"sites"that"are"
remote" to" PVI.104" 105" It" has" been" postulated" that" this" reduction" in" CFE" represents" either"
passive"CFE"activity"secondary"to"PV"activity"or"the"disruption"of"PV"region"ganglionated"plexi"
(GP)"which"are"known"to"fractionate"AF"electrograms"when"stimulated.104"106"More"recently,"
PVI" and" linear" ablation"has"been" shown" to" reduce" LA"CFE,"whilst"work" from"our" group"has"
shown"reduction"in"biOatrial"CFE"in"persistent"AF"and"heart"failure."107"108"
If"CFE"are" indeed" important"mechanistically" in"nonOparoxysmal"AF" then" the"present,"widely"
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used,"stepwise"approach"which"combines"all"of"the"aforementioned"techniques"(PVI"+"linear"
ablation" +" CFE)," advocated" by" the" Bordeaux" group," seems" to" be" a" reasonable" strategy" to"
adopt"for"nonOparoxysmal"AF.109"It"is"the"predominant"strategy"undertaken"at"our"institution,"
but" it" is" important"to"note"that"no"large"multiOcentre"RCTs"have"been"performed"comparing"
the"safety"and"efficacy"of"these"different"strategies"in"nonOparoxysmal"AF." 
The"aim"of"this"study"was"firstly"to"examine"the"effect"of"stepwise"ablation"on"the"quantitative"
and"qualitative"distribution"of"biOatrial"CFE"in"nonOheart"failure"LSPAF"patients,"and"secondly"
to" compare" the" CFE" and" AFCL" data" with" our" previously" published" study" of" persistent" AF"
patients"with"heart"failure.""
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3.3!Methods!
3.3.1! Study!population!
Thirty" patients" with" symptomatic" LSPAF" were" recruited" from" the" Royal" Brompton" and"
Harefield"NHS"Foundation"Trust"(RB&HFT)"outpatient"arrhythmia"service."A"proportion"of"the"
patients"were"from"the"CASAOAF"study"[73%"(22/30)]."All"patients"were"deemed"suitable"for"
an"interventional"strategy"and"had"been"clinically"referred"for"de"novo"catheter"ablation."All"
patients"had"a" left"ventricular"ejection" fraction"≥"50%,"and"are" therefore" referred" to"as" the"
nonOheart"failure"(nonOHF)"group.""
"
Table!3.1!Baseline!population!demographics"
! "
NONXHF!GROUP!(N=30)"
Age!(y),!mean!±!SD! 66"±"9"
Sex!(male),!n!(%)! 23"(48)"
AF!duration!(months),!mean!±!SD!! 21"±"16"
LA!size,!mean!±!SD! 44"(5)"
LVEF!(%),!mean!±!SD! 60"±"8"
Hypertension,!n!(%)! 21"(72)"
Coronary!artery!disease,!n!(%)! 9"(31)"
Diabetes!Mellitus,!n!(%)! 1"(3)"
BetaXblocker,!n!(%)! 18"(72)"
"
Key:'n'='30.'AF'='atrial'fibrillation,'LA'='left'atrial,'LVEF'='left'ventricular'ejection'fraction
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3.3.2!Mapping!and!Identification!of!CFEs!!
The"EnSite"VelocityTM"system"cardiac"mapping"system"(version"4"St"Jude"Medical;"St"Paul,"MN,"
USA)," and" the"multiOelectrode"high" density"AFocus" IITM" (St" Jude"Medical)"mapping" catheter"
were"used"to"create"discrete" threeOdimensional" (3D)"biOatrial"geometries."Additional"colourO
coded"segmental"geometries"were"assigned"for"each"of"the"pulmonary"veins"(PV)"and"both"of"
the"atrial"appendages,"to"help"delineate"important"structures."Upon"completion"of"the"3D"biO
atrial" geometries," the"mapping"process"was" initiated"with" the"acquisition"of" sequential" CFE"
maps"at"the"following"stages:!
i)! Baseline"(RA"and"LA);"
ii)! Post"PVI"(LA"only);"
iii)! Post"linear"lesions"(roof"and"mitral"lines)"(LA"only);"
iv)! Post"LA"CFE"ablation"(RA"and"LA).""
"
At" each" of" these" stages" the" AFCL" at" the" right" atrial" appendage" (RAA)" and" the" left" atrial"
appendage"(LAA)"were"recorded"from"bipolar"signals"(averaged"over"10"cycles)"from"catheters"
in"each"respective"appendage.""
To" create" the"CFE"maps," the"mapping" catheter"was" rested" at" a" location"with" good" contact"
with"the"endocardium"(waiting"5"seconds),"to"allow"acquisition"of"multiple"points"from"all"of"
the"bipoles"of" the"mapping"catheter."This"process"was" repeated"until" the"mapping"catheter"
had"been"swept"sequentially"around"the"entire"internal"surface"of"the"chamber."At"any"given"
acquired" point," there"were" 19" simultaneous" electrograms" from"which" CFEs"were" identified"
using"a"semiOautomated"detection"algorithm"(CFE"tool),"which"determines"CFE"by"the"mean"
interval"between"deflections."The"algorithm"defines"CFE"as"those"with"CFE"mean"≤120ms"over"
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a"5"second"analysis"period"and"annotates"electrograms."It"should"be"noted"that"the"5"second"
sampling" period" is" used" routinely" in" our" centre," as" published" data" has" demonstrated" the"
reproducibility" of" data" using" this" time" frame." 110"111" Any" points"which"were" inappropriately"
collected," as" well" as" those"which" corresponded"with" electrical" interference"were"manually"
deleted."Other"important"settings"used"in"this"CFE"analysis"are"given"below:"
i.! Scar"threshold"defined"as"<"0.05mV;"
ii.! Signal"sampling"frequency"1200Hz"–"band"pass"filter"32O300Hz;"
iii.! Electrogram"width"10ms"(to"abolish"farOfield"signals);"
iv.! Refractory"period"30ms"(threshold"for"nonOphysiologic"reOactivation);"
v.! Interpolation"10mm;"
vi.! Surface"projection"10mm;"
vii.! Points">10mm"from"the"geometry"surface"were"omitted;"
viii.! CFEOmean" colour"map" set" to" display" CFE" between" 30O120ms"with" areas" of" CFE"
mean" >120ms" denoted" as" purple;" 30>CFE"mean" <80ms" denoted" by"white;" and"
within"the"range"80>CFE"mean"<120ms"denoted"as"per"the"colour"spectrum."
!
3.3.3!Catheter!ablation!procedure!
The" catheter" ablation" procedure" is" described" in" detail" in" chapter" 2." In" brief," under" general"
anaesthesia,"transOseptal"access"was"gained"to"permit"LA"access."The"following"catheters"were"
then"placed" in" the"heart:" steerable"decapolar" catheter" (CR"Bard," Lowell,"MA,"USA)" into" the"
coronary"sinus"(CS);"quadripolar"catheter"into"the"RAA"to"allow"the"measurement"of"the"RAA"
cycle"length"(CL);"duodecapolar"highOdensity"mapping"catheter"AFocus"IITM"(St"Jude"Medical)"
inserted" via" one" of" the" long" sheaths" (Preface," Biosense"Webster," Diamond" Bar," CA," USA),"
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initially" to" the" right" atrium" (RA)" and" then" to" the" left" atrium" (LA)" sequentially;" and" finally" a"
3.5mm" irrigatedOtip"DOF"SF"ablation"catheter" (Thermocool,"Biosense"Webster,"Diamond"Bar,"
CA,"USA).!
3.3.4!Catheter!ablation!and!biXatrial!mapping!protocol!(Figure!3.1)!
The" procedure" commenced" with" the" acquisition" of" baseline" biOatrial" CFE" maps."
Circumferential" radiofrequency"ablation" lesions" in" a"wide"area" (WACA)"around"each"pair"of"
ipsilateral"PVs"were"undertaken"using"the"ablation"catheter."To"achieve"PVI"(entrance"block),"
additional"intervenous"ablation"was"required"in"some"instances."After"confirmation"of"PVI,"an"
LA"CFE"map"was"acquired.""
Linear" ablation"was" then" conducted" (roof" and"mitral" isthmus)" following"which" a" further" LA"
CFE"map"was" acquired." This"map" represented" the" remaining" CFE" sites" after" PVI" and" linear"
ablation"and," therefore,"was"used" for"directOtargeted"ablation"of"CFEs."The"endpoint"of"CFE"
ablation"was"either"eradication"or"significant"organisation"into"more"stable"electrograms"at"all"
identified" CFE" sites" (with" the" exception" of" the" LAA)." LAA" ablation" was" avoided" to" prevent"
unintentional"electrical"isolation"and/or"perforation"of"this"structure,"but"CFE"located"outside"
the" LAA" at" its" base" were" targeted." After" targeted" LA" CFE" ablation," the" final" phase" of" the"
mapping"protocol"was"undertaken"with" the"acquisition"of" the" final"biOatrial"CFE"map." In" the"
absence" of" AF" termination" to" this" point," DC" electrical" cardioversion" was" then" used" (up" to"
maximum"360J"biphasic"energy)" to" restore"sinus" rhythm"(SR)."Once"SR"was"attained"and"all"
lesions"sets"were"completed,"the" lesion"assessment"phase"of"the"protocol"was"commenced."
PVI"was"assessed" for"bidirectional"block."Entrance"block"has"already"been"described"earlier,"
with"exit"block"proven"by"one"or"more"of"the"following"methods:""
1."Pacing"within"one"of"the"PVs"showing"local"ipsilateral"PV"capture"without"capturing"the""
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"""""atrium;"
2."Maximum"output"pacing"within"the"PVs"without"capturing"the"atrium.""
"
The"next"step"was"the"assessment"of"linear"lesions,"with"biOdirectional"block"again"being"the"
defined" endpoint." Differential" pacing" and" sensing" were" undertaken" from" the" LAA," CS" and"
posterior"wall."If"the"linear"ablation"lines"were"blocked"biOdirectionally"at"this"stage,"they"were"
defined" as" either" primary" roof" or" primary" mitral" isthmus" block." If" linear" lesions" were" not"
blocked," and" additional" ablation" was" undertaken" to" achieve" biOdirectional" block" (e.g."
epicardial"CS"ablation"to"block"mitral"isthmus"line),"then"this"was"defined"as"secondary"block.""
CavoOtricuspid" isthmus" ablation" was" only" conducted" if" there" was" documented" evidence" of"
typical"or"reverse"typical"atrial"flutter"preO"or"intraOprocedurally."This"was"done"whilst"pacing"
the"proximal"CS"with"the"defined"endpoint"being"biOdirectional"block."
If"AF"terminated"to"atrial" tachycardia" (AT)," the"CFE"mapping"and"stepwise"ablation"protocol"
was"terminated,"and"the"AT"mapped"and"ablated"to"SR,"with"confirmation"of"PVI.""
3.3.4.1!Strategy!for!Atrial!Tachycardia!ablation!
The" strategy" used" to" treat" AT" follows" contemporary" techniques." The" first" step" was" to"
ascertain"whether"the"tachycardia"was"focal"in"origin"or"due"to"macro"reOentry."This"was"done"
by"using"a"combination"of"intraOcardiac"recordings"and"the"surface"ECG"P"wave"to"assess"the"
direction"of" its"activation"and" temporal" stability,"using" the"CS"or"LAA"as"a" timing" reference."
Subsequent"assessment"at"the"anterior,"posterior"and"inferior"LA"was"performed"to"ascertain"
whether"macro"reOentry"was"responsible"for"the"arrhythmia."If"a"macro"reOentrant"tachycardia"
appeared" likely," pacing"manoeuvres"were" undertaken" to" determine" concealed" entrainment"
sites,"thereby"directing"radiofrequency"ablation"to"terminate"the"arrhythmia."Macro"reOentry"
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sites" encountered" were" LA" roof" dependent," mitral" isthmus" dependent" or" cavoOtricuspid"
isthmus" dependent." If" the" arrhythmia" was" thought" to" be" focal" in" its" initiation," a" 3D" local"
activation"map"was"performed"with"either"the"AFocus"IITM"or"mapping/ablation"catheter."
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
!
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Figure!3.1!Procedural!protocol!X!sequence!of!treatment!and!mapping!!
The'protocol'is'summarised'in'the'diagram'above.'The'number'of'maps'at'each'stage'is'shown'in'red'boxes.'The'
ablation' and'DC' cardioversion' stages' are' shown' in' blue' boxes.'Number' of' AF' termination' is' shown' in' green'
boxes.'Technical'software'failure'resulted' in'the' loss'of'1'baseline,'2'final'RA'maps'and'3'final'LA'maps.'RA'='
right'atrium,' LA'=' left' atrium,'PVI' ='pulmonary' vein' isolation,'CFE'=' complex' fractionated'electrograms,' LL' ='
linear'lesions.'
'
!
3.3.5!PreXanalysis!CFE!data!cleaning!!
Each"patient’s"3D"electroanatomical"mapping"data"was"recorded"onto"DVD"and"stored"under"
a" unique" study" code." Subsequent" offline" analysis" was" conducted" on" the" Ensite" VelocityTM"
Workstation"(St"Jude"Medical)."
Before"the"detailed"analysis"of"each"map,"the"CFE"data"was"examined"and"cleaned"using"the"
following"steps:""
"
i.! All"acquisitions"were"displayed"in"order"of"CFEOmean."
"
ii.! High" frequency" electrical" or" mechanical" artefacts"were"removed."
iii.! The"peakOpeak"voltage/amplitude"threshold"to"detect"CFE"was"adjusted"to"minimise"
background" noise," although" to" ensure" standardisation" of" measurement," this"
threshold"was"fixed"for"all"maps"within"each"atrium"in"individual"patients"throughout"
the"study."
!
3.3.5.1!Segmentation!of!atria!!
The"LA"and"RA"were"each"segmented"into"3"regions"to"allow"categorisation"of"the"distribution"
of"CFE." 108"112"The"LA" regions"were"anterior,"posterior"and"appendage."The"RA"regions"were"
lateral,"septal"and"appendage"(Figures"3.2"and"3.3)."
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Figure!3.2!!!!Left!atrial!segmentation!
The'following'segmentation'method'is'based'on'that'of'Singh'et'al.'(19)'and'segments'the'LA'into'three'regions.'
The' roof' line'connects' the' left' (LSPV)'and'right'superior'pulmonary'veins' (RSPV)'and'demarcates' the'anterior'
and'posterior'walls'superiorly,'whilst' laterally'they'are'demarcated'by'the'mitral' isthmus'(MVI)' line'in'AP'and'
PA'views'respectively.'The'LAA'was'defined'as'an'extension'from'the'LA'body'(geometry)'as'shown'in'the'figure'
above.'
'
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Figure!3.3!!!!Right!atrial!segmentation!
Segmentation' of' the' RA' into' 3' regions:' lateral,' septal' and' appendage.' The' tricuspid' valve' annulus' (TVA)'
demarcates' the' anterior' perimeter' of' both' the' lateral' and' septal' regions' with' the'midline' of' that' structure'
dividing'the'two'regions.'The'RAA'was'defined'by'its'typical'extension'from'the'anteromedial'aspect'of'the'RA'
body'(geometry).'The'left'image'(right'anterior'oblique'projection)'shows'the'lateral'aspect'of'the'RA.'The'right'
image'(left'posterior'oblique'projection)'shows'the'septal'aspect'of'the'RA.'IVC'='inferior'vena'cava.''
"
3.3.5.2! Analysis!of!biXatrial!CFE!area!!
To" appreciate" the" remote" effect" of" both" PVI" and" linear" lesions" sets" on" remote" LA" CFE"
accurately," it" was" important" to" ensure" those" areas" circumscribed" by" these" lesion" sets" (to"
within" 5mm" from" PVI" and" linear" lesions)" were" excluded" from" the" analysis" zone." The"
remainder" of" the" geometry" by" default" became" the" LA" denominator" area" i.e." the" LA" CFE"
analysis"zone.""
The" Ensite" VelocityTM" surface"marker" tool" (Figure" 3.4)"was" used" to" delineate" the" following"
areas" with" the" Ensite" VelocityTM" fieldOscaling" algorithm" applied," and" with" standardised"
projection"and"interpolation"settings"as"defined"previously:"
"
i.! The"LA"area,"after"exclusion"of"the"PVI"encircling"lesions,"linear"lesions"(within"5mm),"
and"mitral"valve"annulus"was"defined"the"LA"CFE"analysis"zone"(cm2);"
ii.! The" exclusion"zones,"consisting"of"right/left"PV"and"linear"lesion"area."
""""""""""Therefore,"the"addition"of"i+ii"equated"to"the"total"(baseline)"LA"surface"area"(cm2);"
iii.! The" sum" total" of" all" regions"within" (i)"with" CFEOmean" ≤120ms," as" denoted"by"whiteO
blue"colour"annotation,"is"defined"the"LA"CFE"area."
 
The" final" LA"CFE"map"assessed" the" impact"of"directOtargeted"CFE"ablation"as" guided"by" the"
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postOlinear"lesion"map."!
!
!
!
!
Figure!3.4!CFEXmean!map!with!surface!markings!of!CFE!distribution!!
Posterior' aspect' of' LA' geometry' with' CFE4mean' map.' The' map' shown' is' after' pulmonary' vein' isolation,'
however' the' surface' annotation' tool' is' used' to' annotate' CFE' areas' with' colour' coded' annotation' schema:'
baseline'(red),'post4PVI'(amber),'post4linear'lesions'(green),'final'post'CFE'ablation'(blue).'These'are'projected'
onto'the'map'surface.''!
A"visual"representation"of"progressive"reduction"in"CFE"via"sequential"LAOCFE"mean"maps"with"
each"step"of"ablation"is"shown"in"Figure"3.5.'
'
'
'
'
'
'
'
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'
'
'
'
'
!
Figure!3.5!!!!Post!stepwise!ablation!CFE!maps!
High4density'CFE'maps'acquired'using'the'AFocus'II'(St'Jude'Medical;'St'Paul,'MN,'USA)'catheter'shown'at'each'
stage'of'the'procedural'protocol.'
"
The"RA"denominator"area"was"defined"by"the" final"RA"map,"acquired" immediately"after" the"
final" LA"CFE"map." This"map"enabled"analysis" of" the" remote"effect"of" all" LA" ablation" lesions"
(PVI," linear," and" direct" targeted" CFE" ablation)" on" the" RA." To" ensure" the" highest" degree" of"
accuracy"and"prevent"confounding"from"LA"ablation"lesions,"all"RA"projecting"lesions"from"the"
LA" (i.e."within" 10mm"of" the" RA" geometry)"were" excluded." As" before," the" Ensite" VelocityTM"
surface"marker" tool" (Figure" 3.4)"was" used" to" delineate" the" following" areas"with" the" Ensite"
VelocityTM"fieldOscaling"algorithm"applied,"and"with"standardised"projection"and"interpolation"
settings"as"defined"previously:"
i.! The" RA" area" after" exclusion" of" all" projected" septal" LA" lesions" (within" 10mm);" the"
tricuspid"valve"annulus;"the"CS"ostia;"and"superior"and"inferior"vena"cavae;""
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ii.! All" regions" within" (i)" with" CFEOmean" ≤120ms" as" denoted" by" whiteOblue" colour"
annotation,"the"sum"total"of"which"defined"right"atrial"CFE"area."
"!
3.3.6! Statistical!analysis!
Continuous"data"are"presented"as"mean"(SD)"or"median"(IQR),"and"categorical"data"as"number"
and" percentage." Paired" t" tests" (within" group)" and" unpaired" t" tests" (between" groups)"were"
used"to"analyse"change"in"CFEOarea"(absolute"and"percentage"coverage"of"atrial"surface"area)."
Linear"regression"modelling"was"undertaken"to"assess"predictors" (age,"gender,"LA"diameter,"
LVEF,"baseline"AFCL,"and"duration"of"AF)"of"baseline"CFE"areas,"reduction"of"remote"RA"CFE"
area" (adding"RF"duration"and"primary" linear" lesion"block" as" explanatory" variables)," and" the"
reduction" of" remote" LA" CFE" area" (by" PVI" and" linear" lesions)." ArrhythmiaOfree" survival" was"
analysed" by" KaplanOMeier" survival" curves" with" logOrank" comparisons" using" the"MantelOCox"
test." Cox" regression" was" used" to" assess" predictors" of" arrhythmiaOfree" survival" and" only"
variables"that"had"p<0.25"were"included"in"the"multivariable"model."Throughout"the"analysis,"
p"values"<"0.05"were"considered"statistically"significant."Data"were"analysed"using"GraphPad"
Prism"version"6.00"for"Mac"(GraphPad"Software,"San"Diego"California,"USA)"and"R"statistical"
software"(version"3.1.2)."
3.3.7! FollowXup!
All"class"I"and"III"antiarrhythmic"drugs"were"discontinued"at"the"time"of"ablation"if"this"had"not"
already" been" done." Patients" were" followed" up" in" at" 3," 6," 9" and" 12" months" with" 7Oday"
ambulatory" monitoring" at" each" time" point." Reported" symptoms" outside" of" these" were"
followed"up"immediately"either"locally"or"at"the"RB&HFT,"with"a"minimum"of"a"12Olead"ECG."
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Arrhythmia" recurrence" was" defined" in" accordance" with" the" 2012" Heart" Rhythm" Society,"
European" Heart" Rhythm" Association," and" European" Cardiac" Arrhythmia" Society" consensus"
document"as"freedom"from"AF,"atrial"flutter,"or"atrial"tachycardia"lasting"30"seconds"or"longer"
after"a"3Omonths’"blanking"period"to"the"12"months’"followOup"period.26"
 
3.4!Results!
3.4.1!Catheter!ablation!procedure!
The"total"procedural"duration" for"catheter"ablation"was"271±55"mins," fluoroscopy"time"was"
52±16"mins,"and"total"RF"ablation"time"58±15"mins."During"linear"lesion"assessment"post"DC"
cardioversion," primary" roof" block" was" demonstrated" in" 93%" (28/30)" patients" and" primary"
mitral" isthmus" block" in" 37%" (11/30)" patients." Secondary" roof" block" was" achieved" in" the"
remaining"2"patients"with"7.4±6.1"mins"of"RF"ablation." Secondary"mitral" isthmus"block"was"
achieved"in"the"remaining"19"patients,"with"an"additional"6.5±6.0"mins"of"RF"ablation."" 
3.4.2!CFE!Mapping!!
158"CFE"maps"were"acquired"in"total"(Figure"3.1),"of"which"108"were"LA"maps"(475±191"points"
per" map)" and" 50" RA"maps" (410±161" points" per" map)." The" total" surface" area" included" for"
sequential" CFE" area" analysis"was" 114±30" cm2" in" the" LA" (after" exclusion" of" 96±25" cm2" area"
from"PVI"and"linear"lesions)."
3.4.2.1! Impact!of!catheter!ablation!on!remote!LA!CFE!area"
The"following"results"demonstrate"the"impact"of"catheter"ablation"upon"the"CFE"area"in"both"
atria."The"results" for"each"chamber"are" further"subOdivided" into"their"constituent"segments,"
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and"are"also"shown"as"the"percentage"of"analysed"LA"surface"(Figure"3.6)."
At" baseline," the" LA" CFE" area"was" 27.6±11.8" cm2" (24.4±10.2%" of" analysed" LA" surface)." This"
encompassed"11.7±7.0"cm2"(10.1±5.9%)"anteriorly,"12.1±8.1"cm2"(10.3±5.8%)"posteriorly"and"
5.3±3.8"cm2"(4.8±3.5%)"in"the"LAA."After"PVI,"there"was"a"reduction"in"CFEOarea"to"21.6±12.5"
cm2" (18.6±10.4%,"p=0.002"vs."baseline)."This"encompassed"9.3±5.9"cm2" (8.1±5.3%,"p=0.1"vs."
baseline)" anteriorly," 7.1±5.7" cm2" (6.0±4.5%," p=0.0006)" posteriorly," and" 5.1±3.7" cm2"
(4.5±3.1%," p=1.0)" in" the" LAA." After" addition" of" linear" lesions" and" compared" with" postOPVI"
analysis,"total"LA"CFEOarea"had"further"reduced"to"16.5±9.8"cm2"(14.8±9.5%,"p=0.008"vs."postO
PVI)." This" encompassed" 8.0±5.2" cm2" (7.1±4.9%," p=1.0)" anteriorly," 4.7±3.9" cm2" (4.3±3.7%,"
p=0.03)"posteriorly,"and"3.7±2.9"cm2" (3.4±2.9%,"p=0.27)" in" the"LAA."As"expected,"direct"CFE"
ablation"significantly"reduced"final"LA"CFEOarea,"compared"with"postOlinear"lesion"analysis,"to"
7.8±8.7" cm2" (6.7±6.6%," p=0.001" vs." postOlinear" lesion)." This" encompassed" 2.8±3.4" cm2"
(2.5±2.7%,"p<0.0001)"anteriorly,"1.7±3.5"cm2"(1.3±2.5%,"p=0.006)"posteriorly,"and"3.3±3.1"cm2"
(2.9±2.7%,"p=1.0)"in"the"LAA."
!
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Figure!3.6!Sequential!impact!of!stepwise!LA!ablation!on!left!atrial!CFE!area!
The'graphs'above'show'the'percentage'(mean±SD)'coverage'of'CFE'of'the'atrial'surface'(after'exclusion'of'PVI'
and'linear'lesions),'within'the'segmented'LA'at'baseline'and'after'each'stage'of'ablation.'The'first'graph'is'of'
the'Non4HF'group'from'this'study'and'the'second'of'the'HF'group'from'our'previously'published'data'allowing'
for'comparison'between'the' two'groups.'P'values'are'shown'for'comparisons'between'steps'of'ablation,'and'
denoted'*'<0.05,'**'<0.01,'and'***'<0.001.'
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Figure!3.7!Impact!of!LA!ablation!on!right!atrial!CFE!area!
The'graphs'above'show'the'percentage'(mean±SD)'coverage'of'CFE'of'the'atrial'surface'within'the'segmented'
RA'at'baseline'(pre)'and'after'the'completion'of'all'the'steps'of'LA'ablation'(post).'The'first'graph'is'of'the'Non4
HF' group' from' this' study' and' the' second' of' the' HF' group' from' our' previously' published' data' allowing' for'
comparison' between' the' two' groups.' P' values' are' shown' for' comparisons' between' steps' of' ablation,' and'
denoted'*'<0.05,'**'<0.01,'and'***'<0.001.'
"
3.4.2.2! Impact!of!catheter!ablation!on!remote!RA!CFE!area"
At"baseline,"RA"CFEOarea"was"39.8±19.3"cm2"(22.1±"9.2%"of"the"RA"surface)."This"encompassed"
14.7±9.1" cm2" (7.9±4.4%)" laterally," 16.6±9.2" cm2" (9.3±4.8%)" septally," and" 8.6±4.5" cm2"
(4.9±2.3%)" RAA." Final" RA" CFEOarea" after" LA" ablation" was" reduced" to" 24.1±12.9" cm2"
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(13.3±8.1%," p=0.0001" vs." baseline)." This" encompassed" 10.0±6.4" cm2" (5.6±3.5%," p=0.009)"
laterally,"8.9±6.6"cm2" (5.1±3.7%,"p=0.0001)" septally,"and"6.1±4.2"cm2" " (3.6±2.8%,"p=0.02)" in"
the"RAA."(Figure"3.7)."
3.4.2.3! Impact!of!catheter!ablation!on!AF!cycle!length"
LAA" and" RAA"AFCL"were" used" as" the"measure" of" LA" and" RA" AFCL" respectively." LA" AFCL" at"
baseline" was" 153±18" ms." After" PVI," there" was" prolongation" to" 161±23" ms" (p=0.02" vs."
baseline)." LA" AFCL" after" linear" lesions" was" 161±22" ms" (p=1" vs." postOPVI)." LA" AFCL" further"
prolonged" after" LA" CFE" ablation" to" 179±42"ms" (p=0.04" vs." postOlinear" lesions)." RA" AFCL" at"
baseline"was" 163±18"ms." It" increased" after" PVI" to" 171±29"ms" (p=0.25" vs." baseline)." It" was"
167±26"ms" (p=1" vs." postOPVI)" after" linear" ablation," prolonging" to" 168±24"ms" (p=1" vs." postO
linear" lesions)" after" completion" of" LA" CFE" ablation." Hence" in" the" LA," the" AFCL" prolonged"
significantly" after" PVI" and" CFE" ablation," but" was" not" impacted" independently" by" linear"
ablation," whilst" in" the" RA" the" AFCL" was" not" significantly" impacted" upon" by" LA" ablation."
Overall," the"mean" LA" AFCL" prolonged" (153±18" to" 173±29"ms;" p<0.0001)" but" the"mean" RA"
AFCL"did"not"prolong"as"a"result"of"LA"ablation"(163±18"to"168±24"ms;"p=0.26)"resulting"in"a"
final"mean"RA"AFCL" that"was" shorter" than" the" final"mean" LA"AFCL" (168±24" vs." 179±42"ms;"
p=0.70)."
Additional" analysis" of" correlation"between" change" in" LA/RA"AFCL" and" change" in" LA/RA"CFE"
area" (cm2)" between" baseline" and" final" CFE"map"was" undertaken."No" significant" correlation"
was"seen"between"these"two"parameters"in"the"LA"(r"="0.14,"coefficient"of"determination"r2"="
0.02;"p=0.50),"or"in"the"RA"LA"(r"="O0.27,"coefficient"of"determination"r2"="0.07;"p=0.29)."
!!!!
!!
98!!
3.4.2.4!Predictors!of!baseline!CFE!area!
Linear" regression"modelling" was" used" to" determine" predictors" for" baseline" RA" and" LA" CFE"
areas."The"following"explanatory"variables"were"included"in"the"model;"age,"sex,"LA"diameter,"
EF," AFCL" and" AF" duration." In" multivariable" analysis," male" gender" was" the" only" strong" risk"
factor" for"a"higher"baseline"LA"CFE"area" (coefficient"12.7"cm2,"95%"CI"1.9O23.4,"p=0.02)"and"
higher" RA" CFE" area" (coefficient" 18.5" cm2," 95%" CI" 4.1O32.9," p=0.01)," although" EF" showed" a"
trend"towards"a"small"effect"on"RA"baseline"CFE"area"(coefficient"O0.68"cm2,"95%"CI"O1.4O0.1,"
p=0.09)." 
3.4.2.5!Predictors!of!remote!RA!CFE!area!reduction!
Linear"regression"analysis"was"used"to"identify"determinants"of"remote"RA"CFE"reduction."The"
following" explanatory" variables"were" included" in" the" initial" univariable"model;" age," sex," LA"
diameter,"EF,"AFCL,"AF"duration,"radiofrequency"time,"primary"roof"block"and"primary"mitral"
isthmus" block." " Multivariable" analysis" revealed" that" primary" roof" block" exerted" significant"
influence" in" the" reduction" in" remote" RA" CFE" area" (coefficient" 23.2" cm2," 95%" CI" (3.2O43.2,"
p=0.03)" with" left" ventricular" EF" exerting" lesser" effect" (coefficient" 0.9" cm2," 95%" CI" 0.1O1.7,"
p=0.03). 
3.4.2.6!Predictors!of!remote!LA!CFE!area!reduction!!
Linear"regression"analysis"was"used"to"identify"determinants"of"remote"LA"CFE"reduction."The"
following" independent" explanatory" variables" (age," sex," LA" diameter," EF," AFCL," AF" duration,"
radiofrequency"time)"were"included"in"the"model"for"remote"LA"CFE"reduction"after"PVI,"after"
linear"ablation"(adding"both"primary"roof"and"mitral"isthmus"block"as"explanatory"variables"to"
the"model)," and" after" directOtargeted" LA" CFE" ablation" (adding" radiofrequency" time" for" CFE"
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ablation"to"the"model)." In"univariable"analysis,"none"of"the"above"exerted"any"effect"on"the"
remote"reduction"of"LA"CFE"area."
3.4.2.7!Predictors!of!final!CFE!area!!
Linear"regression"modelling"was"used"to"determine"predictors"for"final"LA"and"RA"CFE"areas."
The" following" independent" explanatory" variables" (age," sex," LA" diameter," EF," AFCL," AF"
duration," radiofrequency" time," primary" roof" and"mitral" isthmus" block," radiofrequency" time"
for"CFE"ablation)"were"included"in"the"model."LA"AFCL"(coefficient"O0.2"cm2,"95%"CI"O0.4O0.01,"
p=0.06)" and" primary" roof" block" (coefficient" O12.2cm2," 95%" CI" O24.8O0.5," p=0.06)" showed" a"
trend" towards" smaller" LA" final"CFE"area" in"univariable"analysis"and" in"multivariable"analysis"
(coefficient" O0.2" cm2," 95%" CI" O0.4O0.03," p=0.09" and" coefficient" O10.3" cm2," 95%" CI" O22.5O1.9,"
p=0.09)"respectively."" 
3.4.2.8!Termination!of!AF!
Termination" of" AF" was" defined" as" termination" to" SR" without" DC" cardioversion," and" was"
observed" in"5"cases." In"2"patients,"direct" termination" to"SR"occurred"at" the"end"of" the" roof"
linear" lesion." In" 2" patients," termination" to" SR" occurred" during" directOtargeted" CFE" ablation"
with"subsequent"ablation"of"focal"right"atrial"AT"to"SR."In"1"patient"during"direct"CFE"ablation,"
AT"ensued"which"was"terminated"at"ablation"at"the"ostium"of"the"coronary"sinus."In"2"other"
patients"although"termination"of"AF"to"AT"occurred,"SR"was"not"achieved"through"ablation"of"
the"AT"and"required"DC"cardioversion"to"SR."Therefore,"these"2"events"were"not"recorded"as"
AF"termination.""
To"investigate"potential"predictors"of"AF"termination,"a"logistic"regression"model"analysis"was"
conducted" incorporating" the" following" explanatory" variables:" age," AF" duration," RF" time,"
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baseline" CL," change" in" AFCL," biOatrial" CFE" area," primary" roof" and"mitral" isthmus" block." " AF"
duration" and"baseline" LA"CFE" area"were" individually" associated"with" a" higher" chance"of"AF"
termination,"although"in"multivariable"analysis"AF"duration"only"showed"a"trend"towards"this"
finding"(OR"1.2,"95%"CI"1.0O1.6,"p=0.07)."" 
3.4.3!Clinical!outcome!X!Single!procedure!arrhythmia!free!success!
In"this"study"consisting"of"nonOHF"patients"with"LSPAF,"the"single"procedure,"atrial"arrhythmia"
free" success" rate" at" 300±257" days’" followOup,"was" 40%" (12/30" patients)." The" KaplanOMeier"
arrhythmiaOfree" survival" estimation" 1" year," off" antiarrhythmic" drugs," after" a" single" ablation"
procedure"was"41%"(Figure"3.8)."
In"the"17"patients"who"had"a"documented"recurrence"of"symptomatic"arrhythmia,"9"had"AF,"5"
had" AT" and" 2" had" both" AF" and" AT." There"were" no" deaths" during" followOup," although" one"
patient" had" a" primary" intraOcerebral" event" in" the" context" of" a" supraOtherapeutic" INR" level"
within" the" 3" months’" blanking" period," with" a" recurrence" of" documented" AF" whilst" an" inO
patient."Due"to"the"residual"neurological"deficit,"the"patient"was"unable"to"attend"followOup,"
although" it" had" been" documented" that" the" patient" remained" in" AF" and" was" treated" with"
anticoagulation"and"a"rate"control"strategy. 
3.4.3.1!Predictors!of!clinical!outcome!
Cox" regression" analysis" was" undertaken" to" assess" the" effect" of" single" procedure" catheter"
ablation"on"arrhythmiaOfree"survival"after"adjustment"of"several"explanatory"variables"(Table"
3.2)."The"following"explanatory"variables"were"incorporated"into"the"model:"age,"male"sex,"LA"
size"(diameter"on"MOmode"transthoracic"echocardiography),"LV"ejection"fraction,"AF"duration,"
baseline"LA"and"RA"CFEO"areas,"change" in"LAA"AFCL,"total"change" in"LA"CFE,"AF"termination,"
!!
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total" RF" time" and" total" CFE" RF" time." AF" termination" and" CFE" RF" duration" per" 5"mins"were"
individually"associated"with"a"higher"chance"of"single"procedure"atrial"arrhythmiaOfree"survival"
at"1"year." In"multivariable"analysis"AF" termination"showed"a" trend" towards" this" finding" (OR"
0.1,"95%"CI"0.01O1.3,"p=0.08),"but"CFE"RF"duration"per"5"mins"was"associated"with"a"higher"
arrhythmiaOfree"survival"at"1"year"(OR"1.6,"95%"CI"1.03O2.4,"p=0.04)."
!
Table!3.2!Cox! regression! analysis!model!for!single!procedure!atrial!arrhythmiaXfree!survival!n=30!
!
!
UNIVARIABLE!ANALYSIS" MULTIVARIABLE!ANALYSIS"
! HR!(95%!CI)" P!X!VALUE" HR!(95!CI)" P!X!VALUE"
Age/yr" 0.97"(0.92O1.03)" 0.36" " "
Male" 0.75"(0.24O2.37)" 0.62" " "
LA!size/5mm" 0.96"(0.79O1.16)" 0.64" " "
LV!EF/5%" 0.71"(0.34O1.49)" 0.36" " "
AF,!duration/mo" 1.01"(0.95O1.06)" 0.84" " "
Baseline!LA!CFE!area/cm2" 0.99"(0.96O1.04)" 0.88" " "
Baseline!RA!CFE!area/cm2" 1.00"(0.97O1.03)" 0.94" " "
Change!in!LAA!AFCL/5ms" 0.99"(0.86O1.13)" 0.85" " "
Change!in!LA!CFE!area/cm2" 0.98"(0.92O1.04)" 0.46" " "
AF!termination" 0.28"(0.04O2.16)" 0.22" 0.13"(0.01O1.26)" 0.08"
Total!RF,!duration/10!min" 0.87"(0.63O1.21)" 0.41" " "
CFE!RF!duration/5!min" 1.23"(0.93O1.69)" 0.13" 1.57"(1.03O2.40)" 0.04"!!
Key!
HR'='Hazard'Ratio,'CI' =' confidence' interval,' AF' =' atrial' fibrillation,' CFE' =' complex' fractionated' electrogram,' AFCL' ='
cycle' length,' HF' =' heart' failure,' LA' =' left' atrial,' LL' =' linear' lesion,' LV' =' left' ventricular,' RA' =' right' atrial,' RF' ='
radiofrequency''ablation.'Note'there'were'no'unblocked'linear'lesions'in'this'group'of'patients.'
!
!
!
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3.5!Comparison!of!NonXHeart!Failure!with!Heart!Failure!group!!
The" following" results" compare" this" data" in" nonOHF" patients" with" that" of" our" previously"
published"data" in"persistent"AF"and"heart" failure" (HF)." The"baseline" characteristics"of" these"
two" groups" are" shown" below" (Table" 3.3)." The" LA" size," as" measured" by" LA" diameter" on"
transthoracic"echocardiography"(TTE),"was"smaller,"and"hypertension"was"more"prevalent" in"
the" nonOHF" group." Although" the" nonOHF" group" consisted" solely" of" LSPAF" and" the"HF" group"
included"both"LSPAF"and"persistent"AF,"the"mean"AF"duration"in"the"overall"population"was"21"
months,"suggesting"that"they"were"indeed"comparable."
!
Table!3.3!Baseline!population!demographics!of!both!nonXHF!and!HF!groups!
! !
All!Patients"
"
NonXHF"
"
HF"
"
pXvalue"
Age!(y),!mean!±!SD" 64±9" 66±9" 63±9" 0.09"
Sex!(male),!n!(%)" 48"(80)" 23"(48)" 25"(52)" 0.51"
AF!duration!(months),!mean!±!SD!" 21±16" 19±4" 24±8" 0.28"
LA!size,!mean!±!SD" 44"(7)" 44"(5)" 50"(7)" <0.001"
LVEF!(%),!mean!±!SD" 47±20" 60±8" 25±11" <0.001"
"
Hypertension,!n!(%)"
"
31"(53)" 21"(72)" 10"(33)" 0.004"
Coronary!artery!disease,!n!(%)" 21"(36)" 9"(31)" 12"(40)" 0.59"
Diabetes!Mellitus,!n!(%)" 8"(14)" 1"(3)" 7"(23)" 0.05"
BetaXblocker,!n!(%)" 46"(84)" 18"(72)" 28"(93)" 0.06"
"
!
!
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3.5.1!Procedural!data!(Table!3.4)!
The"procedural"time"(271±55"vs."331±55"mins;"p<0.001)," fluoroscopy"time"(52±16"vs."79±18"
mins;" p<0.001)," total" RF" time" (58±15" vs." 82±19"mins;" p<0.001," and" PVI" RF" time" (28±10"vs."
46±17" mins;" p<0.001)" were" all" shorter" in" the" NonOHF" group." " With" regards" to" baseline"
chamber"areas,"the"only"major"difference"was"that"the"total"RA"surface"area"was"significantly"
higher"in"the"NonOHF"group"(178±41"vs."136±33"cm2;"p<0.001)."Although"LA"diameter"on"TTE"
was"smaller"in"the"nonOHF"group,"the"LA"surface"area"readings"measured"on"the"3D"mapping"
system"were"similar"between"the"two"groups.""
3.5.2!CFE!data!(Table!3.4)!
In" the" LA" of" the" nonOHF" patients," the" CFE" areas" were" all" higher" than" in" the" HF" group"
respectively." Baseline" total" CFE" area" (27.6±11.8" vs." 18.3±12.0" cm2;" p=0.004)," post" PVI" total"
CFE"area" (21.6±12.5"vs."10.2±7.1"cm2;"p=0.001),"post" LL" total"CFE"area" (16.5±9.8"vs."7.7±6.5"
cm2;"p<0.001),"and"final"total"CFE"area"(7.8±8.7"vs."3.1±3.5"cm2;"p=0.018),""
In" the"RA"of" the"nonOHF"patients," the"baseline" total"CFE"area" (39.8±19.3"vs."25.9±14.1"cm2;"
p=0.002)" and" final" total" CFE" area" (24.1±12.9" vs." 12.9±11.8"cm2;" p=0.003)" were" also"
significantly"higher"than"in"the"HF"group"respectively."
!
!
!
!
!
!
!
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Table!3.4!Comparison!of!procedural!and!CFE!data!between!nonXHF!and!HF!groups!
"
PARAMETER"
"
NONXHF!
"
HF"
"
PXVALUE"
Total"procedural"time"(mins)" 271"(±55)" 331"(±55)" 0.001"
Fluoroscopy"time"(mins)" 52"(±16)" 79"(±18)" <0.001"
Total"RF"time"(mins)" 58"(±15)" 82"(±19)" <0.001"
PVI"RF"time"(mins)" 28"(±10)" 46"(±17)" <0.001"
Roof"line"RF"time"(mins)" 3.4"(±1.4)" 3.3"(±1.7)" 0.97"
Mitral"isthmus"line"RF"time"(mins)" 4.9"(±2.4)" 4.0"(±2.4)" 0.16"
CFE"RF"time"(mins)" 9.4"(±7.0)" 12.1"(±7.7)" 0.17"
LA"points"per"map" 475"(±191)" 479"(±99)" 0.92"
RA"points"per"map" 410"(±161)" 373"(±96)" 0.14"
LA"CFE"area"analysis"zone"(cm2)"" 114!(±30)" 117"(±24)" 0.62"
Total"LA"surface"area"(cm2)" 210"(±38)" 213"(±43)" 0.75"
Total"RA"surface"area"(cm2)" 178"(±41)" 136"(±33)" <0.001"
Baseline"(non"PV)"LA"CFE"area"(cm2):" 27.6"(±11.8)" 18.3"(±12.0)" 0.004"
'4'Baseline'anterior'LA'CFE'area'(cm2)' 11.7"(±7.0)" 7.9"(±6.0)" 0.03"
'4'Baseline'posterior'LA'CFE'area'(cm2)' 12.1"(±8.1)" 6.6"(±5.8)" <0.001"
'4'Baseline'LAA'CFE'area'(cm2)' 5.3"(±3.8)" 3.8"(±4.1)" 0.16"
Post"PVI"LA"CFE"area"(cm2):" 21.6"(±12.5)" 10.2"(±7.1)" 0.001"
'4'Post'PVI'anterior'LA'CFE'area'(cm2)' 9.3"(±5.9)" 4.5"(±4.0)" <0.001"
'4'Post'PVI'posterior'LA'CFE'area'(cm2)' 7.1"(±5.7)" 2.8"(±3.2)" 0.006"
'4'Post'PVI'LAA'CFE'area'(cm2)' 5.1"(±3.7)" 2.8"(±2.5)" 0.006"
Post"LL"LA"CFEOarea"(cm2):" 16.5"(±9.8)" 7.7"(±6.5)" <0.001"
'4'Post'LL'anterior'LA'CFE'area'(cm2)' 8.0"(±5.2)" 4.2"(±4.2)" 0.004"
'4'Post'LL'posterior'LA'CFE'area'(cm2)' 4.7"(±3.9)" 1.7"(±2.8)" 0.001"
'4'Post'LL'LAA'CFE'area'(cm2)' 3.7"(±2.9)" 1.7"(±1.8)" 0.002"
Final"LA"CFEOarea"(cm2):" 7.8"(±8.7)" 3.1"(±3.5)" 0.018"
'4'Final'anterior'LA'CFE'area'(cm2)' 2.8"(±3.4)" 1.4"(±2.0)" 0.08"
'4'Final'posterior'LA'CFE'area'(cm2)' 1.7"(±3.5)" 0.2"(±0.9)" 0.06"
'4'Final'LAA'CFE'area'(cm2)' 3.3"(±3.1)" 1.6"(±2.1)" 0.03"
Baseline"RA"CFE"area"(cm2):" 39.8"(±19.3)" 25.9"(±14.1)" 0.002"
'4'Baseline'lateral'RA'CFE'area'(cm2)' 14.7"(±9.1)" 9.6"(±6.8)" 0.002"
'4'Baseline'septal'RA'CFE'area'(cm2)' 16.6"(±9.2)" 10.1"(±7.2)" 0.004"
'4'Baseline'RAA'CFE'area'(cm2)' 8.6"(±4.5)" 6.2"(±5.8)" 0.08"
Final"RA"CFE"area"(cm2):" 24.1"(±12.9)" 12.9"(±11.8)" 0.003"
'4'Final'lateral'RA'CFE'area'(cm2)' 10.0"(±6.4)" 7.0"(±7.1)" 0.14"
'4'Final'septal'RA'CFE'area'(cm2)' 8.9"(±6.6)" 2.5"(±2.8)" 0.0001"
'4'Final'RAA'CFE'area'(cm2)' 6.1"(±4.2)" 3.6"(±3.9)" 0.04"
!
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3.5.3!AFCL!data!
3.5.3.1!Stepwise!change!in!AFCL!with!intergroup!analysis!
In" terms" of" AFCL," the" pattern" of" prolongation" in" the" LA" was" similar" (AFCL" prolonged"
significantly" after" PVI" and" CFE" ablation," but" there" was" no" impact" from" the" linear" ablation"
lesions)" in" both"NonOHF" and"HF" groups." No" significant" difference"was" seen" at" any" stage" of"
AFCL"measurement"between"the"two"groups"(Table"3.5).""
3.5.3.2!Overall!change!in!AFCL!with!intragroup!analysis!
When" analysing" the" overall" impact" of" LA" ablation" on" biOatrial" AFCL"within" each" group," two"
different" patterns" of" change" emerged" (Table" 3.6)." In" the" HF" group," baseline" LA" AFCL" was"
161±27"which" prolonged" to" 180±42" in" the" final" CFE"map" (p=0.004);" baseline" RA" AFCL"was"
167±33" prolonging" to" 178±40" in" the" final" CFE" map" (p<0.001)." In" contrast," in" the" NonOHF"
group,"the"RA"AFCL"did"not"significantly"prolong"as"a"result"of"LA"ablation"(163±18"to"168±24;"
p=0.26)" resulting" in" a" final" mean" RA" AFCL" that" was" shorter" than" the" final" mean" LA" AFCL"
(168±24"vs."179±42;"p=0.70),"although"this"did"not"reach"statistical"significance."!
Table!3.5!Comparison!of!AFCL!at!each!stage!of!procedure!between!nonXHF!and!HF!groups!
"
AFCL!at!each!stage!of!Procedure!(ms)"
"
NonXHF!
"
HF"
"
pXvalue"
Baseline!LA!AFCL!! 153±18" 161±28" 0.19"
Post!PVI!LA!AFCL!! 161±23" 170±37" 0.26"
Post!LL!LA!AFCL!! 161±22" 174±34" 0.08"
Final!LA!AFCL! 173±29" 180±42" 0.98"
Baseline!RA!AFCL! 163±18" 167±32" 0.61"
Post!PVI!RA!AFCL! 171±29" 175±33" 0.69"
Post!LL!RA!AFCL!! 167±26" 173±30" 0.41"
Final!RA!AFCL!! 168±24" 178±40" 0.31"
!
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Table! 3.6! Comparison! of! overall! change! in! AFCL! preX! and! postXLA! ablation! in! the! nonXHF! and! HF!
groups!(intragroup!analysis)!
!
!
!
!
!
!
3.5.3.3!Clinical!outcome!X!Single!procedure!arrhythmia!free!success!
In" the" nonOHF" group," the" single" procedure," atrial" arrhythmia" free" success" rate" at" 300±257"
days’"followOup,"was"40%"(12/30"patients)."When"compared"with"our"previously"studied"group"
of"HF"patients,"63%"(19/30"patients)"at"494±259"days'"followOup"were"arrhythmia"free"after"a"
single"procedure"(p=0.07)."The"KaplanOMeier"arrhythmiaOfree"survival"estimation"(Figure"3.8),"
for" this"nonOHF"group"at"1"year,"off"antiOarrhythmic"drugs,"after"a"single"ablation"procedure"
was"41%"vs."72%"for"the"HF"group"(log"rank,"p="0.03)."
"
"
NONXHF" HF"
"
AFCL!(MS)" PXVALUE" AFCL!(MS)" PXVALUE"
RA!BASELINE" 163±18" 0.26" 167±32" 0.004"RA!FINAL" 168±24" 178±40"
LA!BASELINE" 153±18" <0.0001" 161±28" <0.0001"LA!FINAL" 173±29" 180±42"
!!
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"
"
Figure!3.8!Freedom!from!atrial!arrhythmias!(single!procedure)!at!12!months!!
Non4HF' versus' HF' groups,' single' procedure' Kaplan4Meier' curves' of' atrial' arrhythmia4free' survival' off' AAD'
(censored' at' 365' days).'Note' success' is' defined' as' freedom' from' atrial' arrhythmia' after' a' 3'month' blanking'
period.'The'two'survival'curves'were'compared'using'the'log4rank'(Mantel4Cox)'test.'
"
3.6!Discussion!
This"study"has"demonstrated"that"CFEOarea"is"reduced"at"remote"sites"in"both"atria"after"PVI"
and"linear"ablation"lesions,"in"patients"with"LSPAF"and"preserved"LV"systolic"function."The"fact"
that"this"observation"is"consistent"with"previous"data"from"our"group"and"other"investigators"
is"crucial"to"understanding"the"mechanistic"importance"of"CFE."104"105"107"108"
3.6.1!NonXHeart!Failure!Group!!
The"use"of"adjunctive"CFE"ablation"in"AF"has"been"a"source"of"controversy"for"many"years"with"
!!
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conflicting" reports" as" to" its" efficacy.95"113"114" In" this" study" the" importance" of" CFE" ablation" is"
clearly" highlighted" by" the" fact" that" the" greater" the" RF" time" targeting" CFE," the" greater" the"
chance"of"clinical"success."This"is"in"keeping"with"a"recent"metanalysis"that"has"shown"greater"
atrial" arrhythmia" free" survival" when" CFE" ablation" is" added" to" PVI" in" nonOparoxysmal"
patients.115"These"observations"suggest"that"CFE"plays"an"important"mechanistic"role"in"these"
patients." The"major" limitation"of"CFE"ablation,"however," is" that"we," as" electrophysiologists,"
lack" the" ability" to" differentiate" between" fractionation" representing" highOfrequency" sources"
that" may" perpetuate" AF" (drivers)" and" those" that" are" passively" activated" (bystander)," for"
example" by" wavefront" collision," during" AF." This" is" demonstrated" by" the" fact" that" PVI" and"
linear"ablation" reduces" the"extent"of"CFE"area"at" sites" remote" from"ablation," shown" in" this"
study"and" in"others,"adding"weight" to" the"hypothesis" that" these"CFE"are" likely" to" represent"
passive" (bystander)" activity." Therefore," an" ablation" strategy" based" solely" on" CFE" ablation"
clearly" cannot" be" justified" until" electrophysiologists" are" able" to" make" this" differentiation"
confidently." This" in" turn" vindicates" the" commonly" used" strategy" of" stepwise" PVI" and" linear"
lesions"followed"by"targeted"CFE"ablation"which"is"supported"by"superior"outcome"data,"but"
also" that" it" may" reduce" unnecessary" ablation" of" nonOcritical" CFE" which" are" in" fact" simply"
bystander"phenomena.39"104!
3.6.2!NonXHeart!Failure!versus!Heart!Failure!groups!
The"comparison"of"this"data"with"that"of"our"previously"published"CFE"data" in"persistent"AF"
and"heart" failure" (HF)" is"noteworthy."Although"the"two"groups"were"not" investigated"at" the"
same"time,"the"catheter"ablation"protocol,"operators,"data"collection"and"analysis"were"very"
similar.""
The" first" observation" is" that" the" pattern" of" findings" with" respect" to" change" in" CFE" is" very"
!!
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similar" in" both" groups." For" example," in" both" HF" and" nonOHF" groups," there" is" sequential"
reduction" in" remote"LA"CFEOarea"post"PVI"and" linear" lesions,"with" the"exception"of" the"LAA"
segment" in" the" nonOHF" group" (Figures" 3.6" and" 3.7)" whilst" in" the" RA," remote" CFEOarea"
reduction"also"occurs"as"a"result"of" isolated"LA"ablation."The"second"observation" is" that" the"
two"groups"exhibit"2"different"patterns"of"AFCL"prolongation"in"response"to"LA"ablation."The"
third"observation"is"the"difference"in"RF"ablation"times"between"the"two"groups."The"fourth"
and"most" striking"difference"between" the" two"groups,"however," is" the"difference" in" clinical"
outcome."The"KaplanOMeier," single"procedure,"arrhythmiaOfree"survival"estimation"at"1"year"
(Figure" 3.8)" is" significantly" lower" in" the" nonOHF" group" (41%" vs." 72%," log" rank" p=0.03)." This"
result" goes" against" the" widely" accepted" notion" that" heart" failure" confers" additional"
complexity" to" the" atrial" substrate" in" AF" rendering" it" more" difficult" to" achieve" SR" through"
catheter"ablation"compared"to"nonOheart"failure"AF.116"
Current" thinking" suggests" the" longer" the" duration" of" AF" and" the" larger" the" LA," the" more"
complex"the"AF"substrate."Furthermore,"it"is"accepted"that"AF"is"driven"predominantly"by"the"
LA," supported" by" the" fact" that" contemporary" practice" and" guidelines" concentrate"
predominantly"on"LA"ablation"procedures"for"AF."Although"early"data"shows"conflicting"results"
on"the"efficacy"of"biOatrial"ablation"in"persistent"forms"of"AF"from"both"surgical"and"catheter"
ablation,"there"is"now"increasing"evidence"to"show"that"the"RA"is"important"to"outcomes"in"a"
significant"proportion"of"patients"with"nonOparoxysmal"forms"of"AF.117"118"Rostock"et"al."found"
in" their" study"of" chronic"AF"patients,"RA"ablation" terminated"AF" in"26%"of"patients.92"More"
recently,"Narayan"et"al."published"a"novel"computational"mapping"technique,"which"identified"
drivers" of" AF" in" the" form"of" rotors" and" focal" impulses.119" In" a" predominantly" persistent" AF"
population," 24%" of" these" drivers" were" located" in" the" RA" and" ablation" of" these" sources"
resulted"in"excellent"freedom"from"arrhythmia"rates"at"9"months."Ravelli"et"al."used"another"
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novel"technique"combining"analysis"of"AFCL"and"fibrillatory"wave"analysis"to"show"that"in"their"
cohort"of"persistent"AF"patients,"23%"of"potential"AF"rotors"were" found" in" the"RA.120"These"
and"other"recent"studies"adopt"a"more"pragmatic,"patientOspecific"approach,"targeting"drivers,"
which"are"deemed"to"be"relevant"for"arrhythmia"termination." Intuitively,"this"seems"to"be"a"
sensible" approach," as" it" should" minimise" unnecessary" ablation" whilst" simultaneously"
improving"outcomes.119"121"
In"our"study,"the"nonOHF"LSPAF"group"had"significantly"larger"RA"surface"areas"in"conjunction"
with" higher" RA" CFE" areas" observed" at" both" baseline" and" after" remote" LA" ablation." In" the"
context"of"poorer"outcomes"in"this"group,"this"is"highly"suggestive"of"a"more"advanced"atrial"
substrate" than" the" HF" group." The" other" important" observation" was" the" pattern" of" AFCL"
prolongation." In" the"HF"group" there"was"a"parallel" increase" in" the"AFCL" in" the"LA" (p=0.004)"
and"RA" (p<0.001),"when"comparing"baseline" to" final"CFE"map."This" implies" that" LA"ablation"
had"a"significant" impact"on"the"LA"substrate,"which"in"turn"manifested"in"the"corresponding"
RA"AFCL"changes,"reflecting" its" likely"bystander"role." In"contrast," in"the"nonOHF"group,"there"
was"a"divergent"pattern"of"AFCL" change"with"a" significant" change" in"AFCL" from"baseline" to"
final"CFE"map,"in"only"the"LA"(Table"3.6)."This"resulted"in"a"RA"to"LA"AFCL"frequency"gradient"
at" the" final" biOatrial"map" (after" completion" of" LA" ablation)" indicating" that" the" RA"may"well"
have"been"driving" the"AF" in" a" significant"proportion"of"patients," although" the" small" sample"
size"was"not"powered"to"detect"this"as"a"statistically"significant"difference"(p=0.70)."This"is"in"
keeping" with" data" from" Hocini" et" al.," whose" group" demonstrated" that" in" LSPAF" patients,"
where"LA"ablation"failed"to"terminate"AF"but"resulted"in"an"RA"to"LA"AFCL"frequency"gradient,"
RA"ablation"terminated"AF"in"50%"of"patients.122"One"more"potentially"important"observation"
from" the" nonOHF" group" should" be" discussed." The" fact" that" remote" CFE" in" the" LAA" did" not"
reduce"in"response"to"LA"ablation"does"raise"the"possibility"that"in"some"of"these"patients"the"
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LAA"may"well"have"been"the"driver."Indeed,"the"incidence"of"LAA"drivers"has"been"shown"to"
be"in"the"region"of"20%"so"this"is"certainly"a"plausible"reason"for"the"lower"degree"of"success"
in"this"group.120"
The"other"interesting"observation"is"the"fact"that"less"RF"time"(both"total"RF"time"and"PVI"RF"
time)"was"spent"ablating" the"nonOHF"group"compared"with" the"HF"group" in"order" to"obtain"
the"same"endpoints."This"cannot"be"explained"by"a"difference"in"LA"chamber"size"between"the"
two"groups"as"this"was"not"the"case."Plausible"explanations"for"this"observation"are"that"it"was""
easier" to"obtain" the"endpoints" in" the"nonOHF"group"and/or" that" this"may" simply" reflect" the"
increasing"experience"of"the"operators"who"have"become"more"adept"at"conducting"catheter"
ablation."
These"aforementioned"differences" focussing"on" the"RA"are"certainly"plausible"arguments" to"
explain"the"discrepancy"in"outcome"between"the"two"groups."Indeed,"it"emphasises"the"fact"
that" perhaps" more" importance" should" be" given" to" the" biOatrial" aspect" of" the" substrate" in"
LSPAF"patients"whose"primary"atrial"myopathy" (i.e."without" concomitant" left"heart"disease)"
may" well" be" more" severe" and" hence" difficult" to" treat" than" those" with" a" secondary" atrial"
myopathy,"for"example,"secondary"to"HF."It" is"worth"mentioning"at"this"point"the"opinion"of"
the"pioneer"of"cardiac"arrhythmia"surgery,"Professor"James"Cox."He"has"previously"proposed"a"
different" classification" for"AF"based"on"underlying" cause."He"described"primary"AF"as" those"
without" another" cardiac" coOmorbidity" serious" enough" to" warrant" concomitant" surgical"
intervention," and" secondary" AF" as" AF" that" is" due" to" another" left" heart" condition" (e.g."
ischaemia," heart" failure" and" valvular" heart" disease)." " Based" on" surgical" outcomes" he"
postulated" that" primary" nonOparoxysmal" AF" harboured" a" very" abnormal" biOatrial" substrate,"
which"mandated"biOatrial" surgical" lesions" to"achieve"similar"efficacy" to" that"of"secondary"AF"
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treated"by"surgical"procedure"confined"to"the"left"atrium.123"
Despite"the"fact"that"CoxOregression"analyses"of"baseline"CFE"did"not"predict"clinical"outcome,"
the"overall"findings"from"this"study"suggest"that"nonOHF"LSPAF"may"well"be"a"more"advanced"
primary" atrial" myopathy" with" a" complex" biOatrial" substrate" consisting" of" extensive" CFE,"
compared"with"the"secondary"atrial"myopathy"found"in"persistent"AF"and"HF." "Furthermore,"
the"outcome"data"suggest"that"LA"only"ablation"–"albeit"with"a"similarly"extensive"lesion"set"in"
both"nonOHF"and"HF"groups"–"may"not"be"as"effective"in"patients"with"advanced"primary"atrial"
myopathies."This"study"once"again"brings"to"the"fore"the"difficulties"in"achieving"SR"in"LSPAF,"
and" the"potential" importance"of" the"RA" in"nonOparoxysmal"AF"patients." Looking" forward" to"
the"future,"electrophysiologists"need"to"be"able"to"identify"accurately"which"nonOPAF"patients"
will"benefit"from"RA"ablation,"to"prevent"a"blanket"strategy"of"subjecting"all"such"patients"to"
extensive"biOatrial" radiofrequency" lesions."This"would"reduce"unnecessary"ablation,"with"the"
inherent" implications" on" post" ablation" atrial" transport" function" and" increased" procedural"
times"and"complications."
"
3.7!Limitations!
The"main" limitation" of" this" study" is" the" small" sample" size," which"may" have" precluded" the"
detection" of" small" but" important" differences" in" parameters" such" as" changes" in" the" AFCL.""
Another"limitation"was"the"fact"that"RA"CFE"maps"were"not"taken"in"parallel"with"the"LA"CFE"
maps"at"all"time"points."The"reason"for"this"was"to"prevent"the"total"procedure"duration"from"
being" too" long" which" could" have" adverse" effects" on" the" patient." In" doing" so" the" stepwise"
effect" of" LA" ablation" on" RA" CFE" cannot" be" ascertained," although" the" overall" effect" of" LA"
ablation"is"of"course"discussed. 
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With" regards" to" the" second" part" of" the" study" comparing" the" nonOHF" and" HF" cohorts," it" is"
important"to"note"that"these"two"groups"were"studied"at"different"time"points"and"thus"may"
incorporate" unmeasured" differences" to" account" for" the" contrast" in" clinical" outcome."With"
regards"to"the"intensity"of"arrhythmia"followOup,"the"nonOHF"group"presented"in"this"chapter"
had" more" rigorous" followOup," encompassing" 3," 6," 9" and" 12Omonth" 7Oday" ambulatory"
monitoring,"whereas" in" the"previous"HF"group"a"3Omonth"ECG"was" followed"with"a"48"hour"
Holter"monitor"at"6"and"12"months."In"both"groups,"symptomatic"recurrences"also"prompted"
further" investigation." It" is" possible" that" this" discrepancy"may"account" for" the"differences" in"
arrhythmia" free" success," although" it" was" clear" from" the" nonOHF" group" that" patients" with"
persistent" forms" of" AF" predominantly" have" a" binary" outcome," either" success" with" SR" or"
recurrence"with"persistent"AF/AT."Therefore,"documented"SR"at"several"time"points"is"highly"
indicative"of"clinical"success."
 
3.8!Conclusion!
In"nonOHF"patients"with"LSPAF,"LA"ablation"(post"PVI"and"linear"lesions)"sequentially"reduces"
CFE"at"remote"sites"in"both"the"LA"and"RA."This"reproducible"phenomenon,"confirmed"in"this"
and" other" studies," strongly" suggests" that" these" abolished" CFE" represent" passive" bystander"
activity.104"105"108"The"RF"time"spent"ablating"CFE"was"also"an"independent"predictor"of"single"
procedure"arrhythmiaOfree"survival"at"1"year."This"highlights"the"importance"of"incorporating"
CFE" ablation" within" the" ablation" strategy" for" LSPAF" patients." The" significant" difference" in"
clinical"outcome"between"the"nonOHF"and"HF"groups"may"be"explained"by"differences"in"the"
substrate."The"nonOHF"LSPAF"group"had"larger"RA"surface"areas,"higher"proportions"of"biOatrial"
baseline"and"post"ablation"CFE,"and"a"divergent"pattern"in"AFCL"prolongation,"resulting"in"a"RA"
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to" LA" frequency" gradient"which" implies" a"more" complex"primary" atrial"myopathy" than" that"
which" occurs" when" AF" occurs" secondary" to" HF." The" correct" identification" of" functionally"
important" CFE" drivers," and/or" patients" who"may" benefit" from" additional" RA" ablation,"may"
well"be"the"key"to"improving"clinical"outcomes"in"LSPAF."Further"research"should,"therefore,"
focus" on" patientOtailored" ablation" strategies" to" optimise" outcomes" in" those" with" complex"
atrial"substrates."
"
"
"
"
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Chapter!4!
Left!atrial!structural!changes!in!long!standing!persistent!atrial!
fibrillation!are!not!irreversible:!a!preX!and!postXablation!
cardiac!magnetic!resonance!subXstudy!
!
4.1!Abstract!
4.1.1.!Introduction!
The"use"of"interventional"ablation"treatments"has"grown"in"line"with"the"increasing"incidence"
and" prevalence" of" atrial" fibrillation" (AF).124" 125" Long" standing" persistent" atrial" fibrillation"
(LSPAF)" is" the"most"difficult" type"of" this"arrhythmia" to" treat,"due" to" the"extensive"electrical"
and"anatomical"remodelling"that"occurs"with"time."The"effect"of"ablation"on"the"atria"in"LSPAF"
has"yet"to"be"fully"understood."The"aim"of"this"study"was"to"examine"the"effect"of"left"atrial"
(LA)"ablation"on"atrial"volumes"and"emptying"fractions,"in"addition"to"ventricular"volumes"and"
ejection"fractions,"using"cardiac"magnetic"resonance"(CMR)."
4.1.2!Methods!
FortyOeight"patients"(63"±"9"years,"29"males)"underwent"either"thoracoscopic"surgical"ablation"
or"catheter"ablation" for"de"novo"LSPAF." Left"and" right"atrial" (LA/RA)"volumes"and"emptying"
fractions" and" left" and" right" ventricular" volumes" and" ejection" fractions" were" measured" at"
baseline," 3" and" 9"months" post" ablation" using" CMR." LA" remodelling" was" defined" as" ≥15" %"
decrease" in" maximum" LA" volume" (LAmax)" during" followOup." FollowOup" also" included" the"
assessment"of"arrhythmia"recurrence.""
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4.1.3!Results!
The"mean"duration"of" followOup"was" 267" ±" 16" days." There"was" significant" reduction" in" the"
following"volumes"at"9"months"when"compared"to"baseline:"LAmax"(59.4±14.8"vs."47.9±13.0;"
p<0.001);"minimum"LA"volume"(LAmin)"(49.9±13.2"vs."36.6±12.3;"P<0.001);"and"minimum"RA"
volume" (RAmin)" (63.7±20.9" vs." 45.3±22.7;" p<0.0001)." LA" (16.5±9.2" vs." 25.7" ±12.1;" p=0.001)"
and" RA" (13.1±7.9" vs." 32.6±14.7;" p<0.0001)" emptying" fractions" increased" in" tandem" at" 9"
months"when"compared" to"baseline."Both" left" ventricular"ejection" fraction" (LVEF)" (59.2±9.7"
vs."65.5±8.8;"p=0.003)"and"right"ventricular"ejection"fraction"(RVEF)" (52.0±10.9"vs."59.1±8.0;"
p=0.001)"also"increased"at"9"months."LA"reverse"remodelling"occurred"in"60%"of"patients."In"
patients"that"remodelled,"there"was"a"higher"percentage"of"AF"recurrence"(48%)"than"those"
that"had"not"remodelled"(18%)"(p=0.04)."Ablation"modality"did"not"have"an"influence"on"any"
of"the"atrial"and"ventricular"parameters"but"post"ablation"maintenance"of"SR"improved"LVEF"
and"LA"emptying"fractions"at"9"months."LAmax"volume"at"baseline"was"the"only"independent"
predictor" of" LA" reverse" remodelling" in"multivariable" analysis" [OR" 1.08" (1.02O1.16);" p=0.01]."
None"of"the"atrial"volume"parameters"were"predictive"of"clinical"outcome."
4.1.4!Conclusion!
This"study"using"CMR"shows"that"ablation"therapy"in"LSPAF,"irrespective"of"clinical"outcome,"
results" in" LA" (and" RA)" reverse" remodelling" and" improvement" in" biventricular" ejection"
fractions." LAmax"volume"at"baseline"was"an" important"predictor"of" LA" reverse" remodelling."
Structural"changes"in"LSPAF"are,"therefore,"not"irreversible."
"
"
"
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4.2!Introduction!
AF" is" the" commonest" arrhythmia" encountered" in" the" general" population." Its" prevalence"
increases"with"age,"from"0.5%"at"40O50"years"to"5O15%"at"80"years."With"an"ageing"population"
worldwide," AF" will" affect" an" increasing" proportion" of" the" population.124" AF" can" cause"
significant" symptoms" for" patients" and" confers" a" significant" cardiovascular" morbidity" and"
mortality"risk,"including"a"fourOfold"increase"in"stroke"risk.125O128"
Despite"the"availability"of"several"antiOarrhythmic"drugs"(AADs),"their"use"is"limited"due"to"the"
combination"of"suboptimal"efficacy"and"sideOeffect"profiles."This"has"driven"the"increasing"use"
of" interventional" treatments," namely" catheter" ablation," over" the" last" decade" for" the"
treatment"of"patients"with"symptomatic,"drugOrefractory"AF."Pulmonary"vein"isolation"(PVI)"is"
the"cornerstone"of"all" these"procedures,"but"ablation" techniques" for"persistent" forms"of"AF"
often" involve" additional" LA" substrate" modification" in" addition" to" PVI," reflecting" the"
remodelled" atrial" substrate" associated" with" nonOparoxysmal" AF" as" described" above.26" Ten"
randomised"controlled"trials"can"now"be"found"confirming"that"catheter"ablation"is"superior"
to" AADs" with" regards" to" maintenance" of" normal" sinus" rhythm" (SR)." 129O138" Although" the"
majority" of" these" trials" studied" paroxysmal" AF" patients," there" is" one" notable" multicentre"
randomised"control"trial"confirming"the"superiority"of"catheter"ablation"over"medical"therapy"
(70.4%"vs."43.7%,"p=0.002)"in"persistent"AF"over"a"12Omonth"followOup"period.138"
LA" enlargement" has" been" shown" to" be" associated" with" AF" in" many" studies" and" is" also"
associated"with" stroke,"heart" failure"and"an" increased"mortality" risk.139" LA"enlargement"has"
also" been" demonstrated" to" be" an" important" prognostic" predictor" of" success" post" AF"
ablation.140"Furthermore,"there"are"data"to"show"that"postOablation"maintenance"of"SR"allows"
for"atrial"reverse"remodelling"with"significant"LA"volume"reduction,"(using"echocardiography,"
computed" tomography" and" magnetic" resonance" imaging).141O147" LA" volume" is" a" recognised"
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measurement" of" LA" size" and" in" routine" clinical" practice" this" is" commonly" done" by"
echocardiography." The" limitation"with" echocardiographic" techniques" lies"with" the" fact" that"
image" quality" is" operator" dependent," which" in" turn" has" a" bearing" on" the" geometric"
assumptions"that"are"required"to"enable"LA"volume"to"be"calculated."In"contrast,"due"to"the"
high" spatial" and" temporal" resolution" threeOdimensional" reconstructions" that" cardiovascular"
magnetic" resonance" (CMR)" can" produce," the" accuracy" of" LA" volume" and" other" cardiac"
chamber"volume"measurements"are"greater"although"geometric"assumptions"are"also"made"
with"the"commonly"used"biplane"areaOlength"method."Therefore,"at"present,"CMR"is"deemed"
to"be"the"gold"standard"imaging"modality"for"LA"volume"assessment.148"
In" general," and" despite" the" technical" and" technological" advances" over" the" last" decade,"
ablation" strategies" to" restore" SR" in" persistent," and" in" particular" LSPAF," have" been"
controversial"in"their"efficacy"and"clinical"benefit,"particularly"in"view"of"the"extensive"ablation"
that" is" often" required." In" these" patients," the" chronicity" of" AF" invariably" leads" to" significant"
electrical" and" structural" remodelling" of" the" atria" through" progressive" dilatation" with" or"
without" accompanying" fibrosis." The" current" paradigm" is" that" the" greater" the" extent" of"
progressive"atrial"dilatation"with"its"consequent"architectural"changes,"the"lower"the"chance"
of"restoration"of"SR"through"ablation." It" is"not"uncommon"for"the"decision"not"to"pursue"an"
interventional" strategy" in" otherwise" symptomatic" patients," to" be" based" on" LA" chamber"
parameters." If" indeed" there" is" the" potential" for" reverse" atrial" remodelling" post" ablation" in"
these"patients,"then"this"may"translate"into"significant"clinical"benefit"to"patients."
The" following" subOstudy"of" the"CASAOAF" trial"was," therefore," designed" to" assess" LA" reverse"
remodelling" and" other" associated" structural" changes" that" may" occur" in" conjunction" with"
reverse" remodelling" in" LSPAF"patients"undergoing"either" catheter"ablation"or" thoracoscopic"
surgical" ablation,"using"preO" and"postOprocedural"CMR." In"addition," analysis"of"predictors"of"
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outcome"with"respect"to"LA"reverse"remodelling"and"clinical"outcome"was"undertaken.""
"
4.3!Methods!
4.3.1!Study!population!
This"prospective"subOstudy"imaged"patients"with"symptomatic"drugOrefractory"LSPAF,"referred"
for"ablation"therapy"using"either"catheter"or"thoracoscopic"surgical"modalities.""
4.3.2!MRI!Protocol!
A" 1.5OT" MR" system" with" 32Ochannel" cardiac" coil" (Magnetom" Avanto," Siemens" Healthcare,"
Germany)"was"used" to" scan"48"patients" (mean"age"65±9"years)"with" LSPAF"at"baseline"and"
then"at"3"and"9"months"post"ablation"therapy."Images"of"the"atria"were"acquired"in"the"twoO
chamber" and" fourOchamber" orientation" using" a" breathOhold" ECGOgated" steady" state" free"
precession" cine" sequence." Sequence" parameters" included" repetition" time/echo" time" of"
55/1.7ms,"inplane"voxel"size"1.7x1.7x7.0mm,"base"resolution"256ms,"phase"resolution"100ms,"
slice"thickness"7mm,"and"flip"angle"59°.""
4.3.3!Assessment!of!Atrial!Volumes!and!Emptying!Fraction!
LAmax" was" defined" as" the" maximal" LA" volume" just" prior" to" the" mitral" valve" opening"
(ventricular"endOsystole)"with"LAmin"defined"as"the"minimal"LA"volume"at"the"point"of"mitral"
valve" closure" (ventricular" endOdiastole)" (Figure" 4.1)." RA" maximum" volume" (RAmax)" was"
defined"as"the"maximal"RA"volume"just"prior"to"the"tricuspid"valve"opening"(ventricular"endO
systole)"with"RAmin"defined"as"the"minimal"RA"volume"at"the"point"of"tricuspid"valve"closure"
(ventricular" endOdiastole)" (Figure" 4.2)." A" semiOautomated" software" (CMR" Tools,"
Cardiovascular" Imaging" Solutions," London)" was" used" for" all" atrial" and" ventricular"
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measurements."
"
1
Figure!4.1!Biplane!method!for!LA!volume!measurements.!
Areas'were'measures'in'the'two'(left'panel)'and'four'(right'panel)'chamber'views'in'both'ventricular'end4systole'
(maximum'atrial'volume)'and'end4diastole'(minimum'atrial'volume)'with'exclusion'of'the'atrial'appendage'and'
the'ostia'of' the'pulmonary'veins.' Longitudinal'diameter'was'measured' in'both'views'and' the'maximum'value'
was'used'for'calculation'of'the'atrial'volumes.'
1
For" LA" volumes" calculation" the" biplane" areaOlength" method" was" used," but" as" the" RA"
morphology"is"complex"this"method"was"not"appropriate."149"150"RA"volumes"were,"therefore,"
measured" from" a" stack" of" contiguous" transaxial" cines" encompassing" the" entire" RA." The" RA"
volumes" included" the" right" atrial" appendage" but" the" ostium" of" the" coronary" sinus" was"
excluded"(Figure"4.2)."""
"
LA"emptying"fraction"was"defined"as"[LAmax"–"LAmin"/"LAmax],"and"RA"emptying"fraction"as"
[RAmax"–"RAmin"/"RAmax]."Baseline"transthoracic"echocardiography"(TTE)"was"also"conducted"
the" same" day" of" the" baseline" CMR" scan," and" correlation" analysis" between" baseline" LA"
diameter"obtained"by"MOmode"TTE"and"baseline"LAmax"volume"was"conducted"(Figure"4.3)."
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!
Figure!4.2!Example!of!transaxial!RA!stack!cines!used!to!calculate!RA!volumes.!!
Right'atrial'endocardial'borders'were'delineated'in'all'slices'in'both'ventricular'end4systole'(maximum'atrial'
volume)'and'end4diastole'(minimum'atrial'volume)'with'inclusion'of'the'atrial'appendage'and'exclusion'of'the'
cava'veins'and'the'coronary'sinus'orifice.'
!
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!
Figure!4.3!Correlation!analysis!of!LA!volume!(ml/m2)!as!measured!by!CMR!and!LA!diameter!as!
measured!by!MXmode!TTE.!
The'correlation'coefficient'(r)'is'0.35,'the'coefficient'of'determination'(r2)'is'0.12'and'the'p'value'='0.02.'
!
!
4.3.4!Assessment!of!Ventricular!Volumes!and!Ejection!Fraction!
Left" and" right" ventricular" volumes" at" endOdiastole" and" endOsystole" were" determined" using"
semiOautomated" CMR" tools" (Cardiovascular" Imaging" Solutions," London," UK)" as" previously"
described"(see"Figure"4.4)."96O97All"atrial"and"ventricular"volumes"were"indexed"to"body"surface"
area,"and"measurements"were"undertaken"by"an"observer,"blinded"to"patient’s"clinical"data,"
ablation"procedure,"and"rhythm"outcomes."
"
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!
Figure!4.4!Ventricular!volumes!and!mass!using!CMR!tools.!
Top'panel'4'The'short'axis'stack'is'shown'relative'to'four4chamber'view'
Bottom'panel'4'CMR'Tools'volumetric'analysis:'endo4'and'epicardial'surfaces'are'delineated'by'manually'placing'
points'on'the'cardiac'borders'in'short'axis'images.'An'interactive'thresholding'tool'is'applied'to'subjectively'
define'solid'structures.'Blood'volumes,'ejection'fraction'and'ventricular'mass'are'automatically'calculated'and'
displayed'graphically.'
!
4.3.5!Assessment!of!intraobserver!and!interobserver!variability!!
The" intraobserver" and" interobserver" variability" of" the" atrial" and" ventricular" indexed"
measurements"was" assessed" in" a" random"sample"of" 10"patients." Two"observers"with"more"
than"3"years"of"CMR"experience"were"employed."To"assess"intraOobserver"variability,"the"same"
observer"measured" atrial" and" ventricular" volumes" from" each" data" set," with" a"minimum" 2O
week" interval" between" repeat" analyses," and" were" blinded" to" the" index" values" for" each"
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parameter" when" repeating" measurements." The" second" independent" blinded" observer"
analysed" atrial" and" ventricular" volumes" to" provide" a" measure" of" interobserver" variability."
Results" were" analysed" with" the" BlandOAltman" method" (MedCalc" software," version" 13.3)."
Intracorrelation"coefficient"value,"mean"bias"and"standard"deviation"of"bias"were"assessed"for"
the"purpose"of"interO"and"intraOobserver"agreement."
"
Table!4.1!Intraobserver!and!interobserver!variability!
! Intraobserver" Interobserver"
! ICC*" pXvalue" Mean"bias"
SD!of"
bias" ICC*" pXvalue"
Mean"
bias"
SD!of"
bias"
LAmax"(ml/m2)" 0.92" 0.0003" O0.55" 8.47" 0.91" 0.0002" O2.26" 5.19"
LAmin"(ml/m2)" 0.90" 0.0008" 0.58" 6.64" 0.90" <0.0001" O2.65" 4.82"
LAEF"(%)" 0.77" 0.01" O1.03" 5.03" 0.65" 0.04" 2.89" 9.81"
RAmax"(ml/m2)" 0.82" 0.006" O2.44" 11.9" 0.75" 0.01" O5.88" 14.35"
RAmin" 0.84" 0.0041" O1.25" 12.26" 0.86" 0.001" O6.6" 8.69"
RAEF"(%)" 0.77" 0.01" O1.09" 10.47" 0.80" 0.005" 3.04" 9.57"
LVEDV"(ml/m2)" 0.95" 0.0001" O0.61" 4.08" 0.87" 0.0009" O15.45" 21.61"
LVESV"(ml/m2)" 0.90" 0.0008" O1.02" 2.73" 0.96" <0.0001" O4.2" 2.4"
LVEF"(%)" 0.90" 0.0008" 0.67" 2.69" 0.90" <0.0001" 1.2" 2.74"
RVEDV"(ml/m2)" 0.96" <0.0001" 2.25" 3.45" 0.76" 0.01" 8.9" 9.67"
RVESV"(ml/m2)" 0.90" 0.0007" O0.28" 4.07" 0.75" 0.01" O6" 6.43"
RVEF"(%)" 0.77" 0.02" 2" 5.26" 0.80" 0.0098" 1.9" 5.97"
"
Key:'*'ICC'='intra–'or'inter–'correlation'coefficient,'SD'='standard'deviation.'
!
4.3.6!Ablation!procedures!
AntiOarrhythmic" drugs" (class" IC" and" III)" were" stopped" before" or" on" the" day" of" the" ablation"
procedure." The" catheter" ablation" technique" has" been" previously" described" in" detail" (see"
Chapter" 2).151" In" brief," under" general" anaesthesia," using" the" EnSite" VelocityTM" 3D"
electroanatomical"mapping"system"(version"4.0.1/4.0.2,"St"Jude"Medical),"all"four"pulmonary"
veins" (PVs)" were" electrically" isolated," with" additional" substrate"modification" encompassing"
roof" and" mitral" isthmus" linear" lesions" and" ablation" of" complex" fractionated" atrial"
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electrograms." Endocardial" mapping" was" performed" using" a" duodecapolar" highOdensity"
mapping" catheter" AFocus" II" (St" Jude" Medical)" and" ablation" with" an" irrigatedOtip" FOcurve"
3.5mm"ablation"catheter"(Thermocool,"Biosense"Webster,"Diamond"Bar,"CA,"USA)"for"ablation"
with"a"power"limit"of"35W"in"the"anterior"LA,"30W"on"posterior"wall,"25W"within"CS,"and"40W"
in"the"cavotricuspid"isthmus"(CTI)."
Surgical" ablation" was" performed" using" the" bilateral" video" assisted" thoracoscopic" surgical"
technique" under" general" anesthesia," with" doubleOlumen" endotracheal" tube" placement" for"
selective"lung"ventilation."On"the"right"side,"a"10mm"camera"port"and"two"5mm"working"ports"
were"used"to"allow"opening"of"the"pericardium"with"subsequent"blunt"dissection"to"the"rightO
sided" PVs." Pulmonary" vein" isolation" (PVI)" was" then" conducted" on" the" right" side" from" the"
epicardial" surface"with"a"bipolar" radiofrequency"ablation"clamp" (AtriCure" Inc.,"Westchester,"
OH,"USA)"using"overlapping"applications"around"each"ipsilateral"pair"of"PVs."Additional"linear"
ablation"lines"were"then"undertaken"connecting"the"contralateral"superior"PVs"(roof"line)"and"
the"inferior"PVs"(inferior"line)"to"commence"a"posterior"box"lesion,"before"switching"to"the"left"
side"with"a"similar"approach"to"conduct" left"PVI"to"complete"the" lesion"set." "Finally," the" left"
atrial"appendage"was"excluded"using"the"AtriClip"LAA"excluder"system"(AtriCure"Inc.).!
4.3.7!Definition!of!atrial!reverse!remodelling!
The"goal"of"this"study"was"to"investigate"LA"reverse"remodelling"in"LSPAF"patients"undergoing"
either" catheter" or" surgical" ablation." Accordingly," the" study" population" was" divided" into" 2"
groups"according"to"whether"they"reverse"remodelled"or"not."The"remodellers"were"defined"
as"those"with"a"≥"15%"decrease"in"LAmax"during"followOup."The"nonOremodellers"were"defined"
as"those"who"demonstrated"a"<15%"decrease"or"an"increase"in"LAmax"during"followOup."The"
baseline"characteristics"of"these"2"groups"are"detailed"in"Table"4.2."
!!
126!
Table!4.2!Baseline!Patient!Characteristics!!
! "
All!Patients"
"
Remodelled"
"
NonX
remodelled"
"
pXvalue"
Age!(y),!mean!±!SD" 63"±"9" 66"±"8" 60"±"10" 0.03"
Sex!(male),!n!(%)" 29"(69)" 17"(68)" 12"(71)" 0.86"
AF!duration!(months),!median!(IQ!
range)" 22"(16,30)" 23"(15,28)" 18"(16,30)" 0.64"
CVD,!n!(%)" 2"(5)" 2"(12)" 0"(0)" 0.16"""
Hypertension,!n!(%)" 27"(64)" 18"(72)" 9"(53)" 0.21"
Dyslipidaemia,!n!(%)" 9"(21)" 4"(16)" 5"(29)" 0.30"
Diabetes!Mellitus,!n!(%)" 4"(10)" 2"(8)" 2"(12)" 1.00""
Smoking,!n!(%)" 20"(48)" 11"(44)" 9"(53)" 0.57"
CHA2DS2XVASc,!median!(IQ!range)"
range"
2"(1,3)" 3"(1,3)" 1"(0,2)" 0.04"
BetaXblocker,!n!(%)" 34"(81)" 18"(72)" 16"(92)" 0.07"
ACEI!and!/or!ARBs,!n!(%)" 26"(62)" 16"(64)" 10"(59)" 0.74"
Diuretic,!n!(%)" 11"(26)" 9"(36)" 2"(12)" 0.08"
Body!Surface!Area,!mean!±!SD" 2.0"±"0.2" 2.0"±"0.2" 2.0"±"0.1" 0.41"
LAmax!(ml/m2),!mean±!SD" 60"±"15" 65"±"13" 52"±"13" 0.003"
LVEF!(%),!mean±!SD" 59"±"10" 60"±"9" 58"±"10" 0.51"
LVEDV!(ml),!mean±!SD" 60"±"12" 62"±"13" 57"±"8" 0.13"
LVESV!(ml),!mean±!SD" 25"±"8" 25"±"8" 25"±"9" 0.87"
!
!
4.3.8!FollowXUp!
SevenOday"ambulatory"monitoring"was"used"to"assess"patients’"rhythm"postOablation"at"3"and"
9"months." 48" patients" underwent" either" surgical" or" catheter" ablation" therapy" successfully,"
achieving"SR"post"procedure."3"patients"subsequently"had"pacemakers"implanted"precluding"
further" CMR" scans," 1" patient" did" not" attend" followOup" post" ablation" due" to" a" neurological"
event,"and"2"had"incomplete"atrial"data"sets."A"complete"CMR"dataset"at"all"of"the"followOup"
time"points"was"available"for"the"remaining"42"patients."
!
!
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4.3.9!Statistical!analysis!
Baseline" data" were" presented" as" number" and" percentage" for" categorical" variables," and"
comparisons" done" using" the" chiOsquared" or" Fisher’s" Exact" Test," while" numeric" data" were"
presented" as" mean" (SD)" or" median" (IQR)" and" comparisons" done" using" the" 2" sample"
independent"tOtest"or"the"MannOWhitney"test."
To"assess"any"differences"between"the"3"time"points"in"the"CMR"parameters,"oneOway"ANOVA"
or"the"KruskalOWallis"test"was"used,"and"the"pOvalues"adjusted"using"the"Bonferroni"correction"
for"multiple"comparison."
To" assess" the" change" in" CMR" parameters" between" time" points" in" relation" to" the" effect" of"
remodeller" status," catheter/surgery" and" SR/AF" recurrence," a" series" of" t" tests" or" MannO
Whitney"tests"were"done"with"the"pOvalues"obtained"adjusted"for"multiple"comparisons"using"
the"Bonferroni"correction."
Univariable"and"multivariable" logistic" regression"was"done" to"determine" the"predictors"of"a"
remodeller" and" of" clinical" success" from" ablation." Only" variables" that" had" p" <" 0.25" were"
included" in" the" multivariable" model." ROC" statistics" were" used" as" a" measure" of" model"
performance"and"were"within"the"acceptable"range."Throughout"the"analysis,"p"values"<"0.05"
were"considered"statistically"significant."
"
4.4!Results!
48"LSPAF"patients"underwent"either"surgical"(22)"or"catheter"(26)"ablation"for"AF,"with"acute"
procedural" success" achieved" in" 97%" (47/48)" of" patients"who"were" in" SR" at" the" end" of" the"
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procedure." Recurrence" of" AF" occurred" in" 27%" (13/48)," and" all" those" patients" underwent"
repeat" ablation," via" catheter" ablation" regardless" of" the" modality" of" index" ablation." Mean"
duration"of"followOup"was"267"±"16"days."
4.4.1!Intraobserver!and!interobserver!variability!
Excellent" intraobserver" agreement" with" a" low" mean" bias" was" seen" for" the" following"
parameters:" LAmax," LAmin," LVEDV," LVESV," LVEF," RVEDV" and" RVESV" (Table" 4.1)." LAmax,"
LAmin,"LVESV"and"LVEF"also"demonstrated"excellent"interobserver"agreement"with"low"mean"
bias"of"values."
The"intraO"and"interOobserver"ICC"values"for"LVEF"and"LA"emptying"fraction"were"greater"than"
the" rightOsided" values." This" reflects" the" irregularity" of" the" right" heart" anatomy" (shape" and"
trabeculated" regions)" which" limit" both" endocardial" and" epicardial" definition." Furthermore,"
clinicians"are"comparatively" less" familiar"with" the"right"heart"as"compared"to" the" left"heart."
Despite" this," the" intra" and" interOobserver" agreements" remain"excellent" for"both"RV"and"RA"
measurements,"and"are"comparable"to"previous"studies."152"153"
4.4.2!Change!in!atrial!and!ventricular!parameters!at!followXup!
In" the" overall" study" population" (Table" 4.3)," the" absolute" change" (Δ)," as" compared" with"
baseline,"was" significant" in" the" following" parameters:" LAmax;" LAmin;" RAmin;" RAEF;" LVEDV;"
and"RVEF"at"both"the"3"month"and"9"month"time"point."The"change"in"LAEF,"RVEDV"and"LVEF"
was" only" significant" at" 9"months"when" compared"with" baseline." There"were" no" significant"
changes"in"any"of"the"parameters"between"3"and"9"months."A"visual"example"of"preO"and"postO
ablation"LAmax"volume"reduction"is"shown"in"Figure"4.4."
!
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Table!4.3!Values!at!baseline,!3!and!9!months!and!change!between!time!points!for!MRI!parameters!for!
overall!study!population!
!
Baseline" 3!months" 9!months" Δ0X3!months"
Δ3X9!!!!
months"
Δ0X9!
months"
LAmax!
(ml/m2)"
59.4"(±14.8)" 51.0"(±"13.5)" 47.9"(±13.0)" O8.5"(P=0.01)" O3.1"(p=0.92)" O11.5"(P<0.001)"
LAmin!
(ml/m2)"
49.9"(±13.2)" 39.6"(±14.4)" 36.6"(±12.3)" O10.2"(P=0.002)" O3.0"(p=0.92)" O13.3""(P<0.001)"
LAEF!(%)" 16.5"(±9.2)" 22.9"(±12.7)" 25.7"(±12.1)" 6.4"(P=0.03)" 2.8"(p=0.82)" 9.2"(P=0.001)"
RAmax!
(ml/m2)"
71.7"(±24.0)" 70.4"(±28.0)" 65.1"(±21.4)" O1.3"(P=1)" O5.3"(p=1)" O6.5"(P=0.668)"
RAmin!
(ml/m2)"
61.0"(51.5O79.1)"
"
42.0"(34.0O59.0)"
"
41.6"(30.3,"49.4)"
"
P=0.0006*"
"
p=0.57*"
"
"P<0.0001*"
"
RAEF!(%)" 13.0"(7.8,"16.5)""
31.8"(22.0,"41.3)"
"
30.9"(25.1,"44.3)"
"
P<0.0001*"
"
(p=1)"*"
"
P<0.0001*"
"
LVEDV!
(ml/m2)"
59.1"(±11.9)" 67.1"(±13.7)" 68.6"(±11.7)" 8.0"(P=0.011)" 1.4"(p=1)" 9.4"(P=0.002)"
LVESV!
(ml/m2)"
25.0"(±8.4)" 25.3"(±8.2)" 22.9"(±6.4)" 0.3"(P=1)" O2.4"(p=0.5)" O2.1"(P=0.61)"
LVEF!(%)" 59.2"(±9.7)" 62.8"(±7.8)" 65.5"(±8.8)" 3.6"(p=0.18)" 2.6"(p=0.5)" 6.2"(P=0.003)"
RVEDV!
(ml/m2)"
67.2"(±12.9)" 74.4"(±15.8)" 76.8"(±16.9)" 7.1"(p=0.10)" 2.4"(p=1)" 9.5"(p=0.01)"
RVESV!
(ml/m2)"
31.6"(±9.0)" 30.9"(±9.0)" 33.4"(±10.3)" O0.6"(p=1)" 2.4"(p=0.76)" 1.8"(p=1)"
RVEF!(%)" 52.0"(±10.9)" 58.0"(±8.1)" 59.1"(±8.0)" 6.0"(p=0.009)" 1.1"(p=1)" 7.1"(p=0.001)"
"
Key:1Values'are'given'either'as'mean'±'SD'or'median'(interquartile'range),'*Kruskal4Wallis'test.'
1
1
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1
Figure!4.5!Atrial!remodelling!
Key:'LAmax'volume'before'(left'panel)'and'3'months'post'ablation'(right'panel).''
1
4.4.3!Reverse!remodelling!
Over" the" 9" months’" followOup" period," 25/42" (60%)" of" patients" demonstrated" reverse"
remodelling" (remodellers)" whilst" 17/42" (40%)" did" not" reverse" remodel" (nonOremodellers)."
Those" that" remodelled"were"older" [66±8"vs."60±10;"p=0.03],"had"a" larger"LAmax" [65±13"vs."
51±13;"p=0.003],"and"had"a"higher"CHA2DS2OVASc"score"[3(1,3)"vs."1(0,2);"p=0.04]"at"baseline"
when" compared" to" the" nonOremodeller" group" respectively" (Table" 4.2)." There" were" no"
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differences" in" baseline" measures" of" LV" dimensions" and" ejection" fraction" between" the" 2"
groups.!
4.4.4!Remodellers!versus!NonXremodellers!
The" change" in" biatrial" and" biventricular" parameters" between" baseline" and" 9" months" was"
analysed,"and"compared"between"the"two"groups"(Table"4.4).""The""change""in"LAmax""
[O20.9" (±9.9)"vs."1.7" (±7.2);"p<0.0001]"and"LAmin"[O18.6" (±7.5)"vs." O4.4" (±7.7);"p<0.0001]"was"
significantly"greater"in"the"remodeller"group"compared"to"the"nonOremodeller"group"as"would"
be" expected." Figure" 4.5" shows" examples" of" preO" and" postOablation" LAmax" volumes" whilst"
Figure"4.6"shows"the"mean"LAmax"at"different"time"points"for"the"two"groups."Interestingly,"
within"the"followOup"period,"12/25"(48%)"patients"in"the"remodeller"group"had"AF"recurrence"
compared"with"only"3/17"(18%)"patients"in"the"non–remodeller"group"(p=0.04)."
"
Figure!4.6!–!LAmax!for!remodeller!vs.!nonXremodeller!plotted!over!time!
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Table! 4.4! Changes! in! MRI! parameters! over! time! for! nonXremodellers! vs.! remodellers! and! AF!
recurrence!vs.!SR!subgroup!analyses!
!
!
!
!
!
!
!
!
!
!
!
!
!!
133!
Table!4.5!Changes!in!MRI!parameters!over!time!for!surgery!vs.!catheter!subgroup!analysis!
!
!
!
!
!
!
!
!
!
!
!
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4.4.5!Procedural!success!subgroup!analysis!X!SR!versus!AF!recurrence!
The"difference"in"change"of"all"parameters"throughout"the"followOup"period"was"also"analysed"
and"compared"between"patients"who"maintained"SR"or"had"an"AF"recurrence"post"ablation"
(Table"4.4)."LAEF"[12.0"(2.9,"18.9)"vs."O1.3"(O6.4,"7.5);"p=0.03]"showed"improvement"in"the"SR"
group" at" 9"months," whilst" RAEF" showed" a" trend" towards" improvement" at" 9"months" [26.2"
(18.9," 38.3)" vs." 10" (0.6," 24.2);" p=0.09)." LVEF" increased" in" the" SR" group," but" conversely"
decreased" in" the"AF" recurrence" group" [9.8" (±8.5)" vs." O0.3" (±11.5);" p=0.006]." There"were"no"
differences"in"change"in"any"of"the"other"parameters"at"any"of"the"time"points"between"the"2"
groups."
4.4.6!Ablation!modality!subgroup!analysis!X!Catheter!versus!surgical!ablation!
Patients" were" also" analysed" as" per" their" ablation" modality." There" were" no" differences" in"
change"in"any"of"the"parameters"at"any"of"the"time"points"between"the"2"groups"(Table"4.5)."
4.4.7!Atrial!Volume!and!drug!therapy!
Cardiovascular" drugs" such" as" angiotensinOconverting" enzyme" inhibitors" (ACEI)," angiotensin"
receptor" blockers" (ARB)" and" diuretics" can" affect" atrial" remodelling," loading" conditions" and"
atrial" chamber" volume" respectively.154" The" effects" of" these" drugs" were" investigated" by"
analysing"those"treated"and"not"treated"with"these"drugs"throughout"the"study"period,"with"
respect" to" change" in" biatrial" volume" between" baseline" and" at" 9" months" followOup." The"
reduction"in"LAmax"volume"in"patients"treated"with"either"ACEI/ARB"or"diuretic"therapy"was"
compared"with"those"without,"was"[13.0"±"15.5"vs."9.7"±"12.0;"p=0.48]"and"[17.5"±"18.1"vs."9.7"
±"12.3;"p=0.12],"respectively."The"reduction"in"RAmax"volume"in"patients"treated"with"either"
ACEI/ARB" or" diuretic" therapy" compared"with" those"without"was" [0.8" ±" 28.7" vs." 8.6" ±" 22.2;"
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p=0.36]"and"[2.8"±"26.6"vs."13.5"±"17.2;"p=0.22],"respectively."Therefore,"the"use"of"ACEI/ARB"
and" diuretic" therapy" did" not" have" any" significant" impact" in" the" reduction" in" LA" and" RA"
volumes"in"our"population.""
4.4.8!Clinical!predictors!of!LA!reverse!remodelling!and!of!SR!maintenance!
Univariable" and" subsequent" multivariable" logistic" regression" analysis" were" performed" to"
determine"the"clinical"predictors"of"LA"reverse"remodelling."The"results"are"shown"in"Table"4.6"
and"4.7."The"univariable"analysis" showed"age"and"baseline" LAmax" to"be"associated"with" LA"
reverse"remodelling."At"multivariable"analysis,"the"only" independent"predictor"of"LA"reverse"
remodelling"was"baseline"LAmax"[1.08"(1.02O1.16);"p=0.01]."For"clinical"success"of"the"ablation"
procedure," univariable" analysis" showed" age," CHA2DS2OVASc" and" baseline" LVEF" to" be"
significant"but"at"multivariable"analysis,"there"were"no"independent"predictors."
"
Table!4.6!Univariable!and!multivariable!logistic!regression!analysis!for!predictors!of!LA!!
reverse!remodelling!
!
Univariable!analysis" Multivariable!analysis"
! OR!(95%!CI)" p!X!value" OR!(95!CI)" p!X!value"
Age" 1.09"(1.00O1.18)" 0.04" 1.07"(0.96O1.21)" 0.24"
Sex!X!Male" 0.89"(0.23O3.38)" 0.86" " "
AF!duration!(>!24!months)" 1.35"(0.36O5.08)" 0.66" " "
LAmax!" 1.08"(1.03O1.14)" 0.003" 1.08"(1.02O1.16)" 0.01"
Hypertension" 2.29"(0.63O8.32)" 0.21" 1.03"(0.14O7.33)" 0.98"
CHA2DS2XVASc" 5.06"(1.16O22.06)" 0.03" 1.00"(0.51O2.03)" 0.99"
LVEF" 1.02"(0.96O1.09)" 0.50" " "
Surgery" 0.47"(0.13O1.61)" 0.23" 0.44"(0.08O2.13)" 0.31"
!
!
!
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!
Table!4.7!Univariable!and!multivariable!logistic!regression!analysis!for!predictors!of!clinical!success!!
of!ablation!procedure!(SR!maintenance)!
!
Univariable!analysis" Multivariable!analysis"
! OR!(95%!CI)" pXvalue" OR!(95%!CI)" pXvalue"
Age" 0.97"(0.91O1.03)" 0.32" " "
Sex!X!Male" 2.83"(0.82O9.76)" 0.10" 1.76"(0.45O6.90)" 0.42"
AF!duration!(>!24!months)" 0.99"(0.94O1.03)" 0.56" " "
LAmax!" 0.98"(0.94O1.02)" 0.26" " "
RAmax" 0.99"(0.97O1.02)" 0.82" " "
Hypertension!" 0.58"(0.17O2.08)" 0.41" " "
CHA2DS2XVASc" 0.72"(0.49O1.05)" 0.09" 0.74"(0.48O1.13)" 0.16"
LVEF!" 0.93"(0.87O0.99)" 0.04" 0.93"(0.87O1.00)" 0.06"
!
!
4.5!Discussion!
This" study" is" the" first" prospective" CMR" study" demonstrating" significant" and" progressive" LA"
(and"RA)"reverse"remodelling,"with"improvement"in"biventricular"ejection"fraction"in"mediumO
term"followOup"of"post"ablation"LSPAF"patients."In"addition,"this"is"the"first"cardiac"remodelling"
study"to"include"both"catheter"and"thoracoscopic"surgical"ablation"treatment"modalities."The"
results" are" striking," as" they" corroborate" the" previously" observed" phenomenon" of" postO
ablation" LA" reverse" remodelling," seen" predominantly" in" paroxysmal" AF" patients," but" now"
importantly," this"extends" to"LSPAF"patients."This"challenges" the"widely"held"notion"that" the"
progressive"structural"remodelling"that"occurs"in"LSPAF"is"irreversible."Furthermore,"our"data"
shows" that" the" reverse" remodelling" group" had" a" significantly" higher" proportion" of" AF"
recurrences" (p=0.04)" showing" that" complete" ablation" success" is" not" a" prerequisite" for" LA"
reverse"remodelling.""
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The"clinical"implications"of"these"findings"are"crucial"as"they"suggest"that"even"though"it"may"
be" difficult" to" maintain" SR" longOterm" post" ablation," the" anatomical" changes" that" occur" in"
LSPAF"can"be"reversed"irrespective"of"clinical"outcome."This"may"reflect"the"fact"that"even"in"
patients"with"AF" recurrences," the"overall"net" reduction" in"AF"burden"as"a" result"of"ablation"
facilitates" reverse" remodelling," although" this" study" does" not" specifically" explore" this"
relationship" (reduction" in" AF" burden" with" regards" to" reverse" remodelling)." In" this" study,"
baseline"LA"(and"RA)"atrial"volumes"were"not"predictive"of"clinical"success,"which"is"interesting"
given"that"LA"size"has"been"previously"shown"to"be"an"important"predictor.140"Perhaps"atrial"
volume"(as"opposed"to"anteroOpostero"LA"diameter"on"M"mode"echocardiography)" is"not"as"
clinically" important"although"the"more"likely"explanation"is"that"perhaps"different"geometric"
types"of"dilatation,"(for"example"anteropostero"vs."longitudinal"dilatation),"may"predispose"to"
different"clinical"outcomes."Further"studies"are"needed"to"examine"this"aspect"of"remodelling"
in"more"detail."
In"the"overall"study"population,"there"was"significant"change"between"baseline"and"9"months"
in" LAmax," LAmin" and" RAmin," demonstrating" biatrial" reverse" remodelling" (albeit" more"
pronounced"in"the"LA"volumes"as"both"maximum"and"minimum"volumes"decreased),"as"well"
as" improvement" in" biatrial" emptying" fractions." Importantly," biventricular" ejection" fractions"
also" improved" significantly" between" baseline" and" 9" months," accompanied," somewhat"
counterOintuitively," by" an" increase" in" biventricular" EDV," although" this" increase" may" simply"
reflect" increased" atrial" contribution" to" ventricular" filling," post" ablation." SubOgroup" analysis"
showed" those" who" maintained" SR" demonstrated" significant" improvement" in" LA" emptying"
fraction"and"LV"ejection"fraction.""
"
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The" lesions"sets" for"both"catheter"and"surgical"ablation"were"extensive," in"keeping"with"the"
challenging"substrate"posed"by"these"LSPAF"patients."Interestingly,"however,"the"modality"of"
ablation"had"no"impact"on"any"of"the"atrial"or"ventricular"parameters"measured."This"suggests"
that" it" is" the" extent," integrity" and" outcome" of" the" ablation" lesions" sets" that" facilitates" the"
cardiac" remodelling," rather" than"whether" the" lesions"were" epicardial" or" endocardial." It" has"
been" previously" postulated" that" LA" volume" reduction" can" be" as" a" consequence" of" post"
ablation" contraction" due" to" scarring," however," this" is" refuted" to" some" extent" by" our" data"
showing" remote" RA" volume" reduction" in" patients" who" have" only" had" LA" ablation.144" As"
previously" mentioned," subgroup" analysis" also" showed" that" LA" reverse" remodelling" is" not"
limited"to"those"with"procedural"success,"but"also"occurs"in"those"who"have"documented"AF"
recurrence.143O145"This" is" likely" to" reflect" the" reduction" in" AF" burden" post" ablation" in" both"
groups" of" patients," taking" into" account" the" fact" that" even" those" patients" deemed" to" have"
complete"procedural"success"are"still"likely"to"have"a"degree"of"asymptomatic,"undetected"AF."
Maintained"SR"does,"however,"confer"an"improvement"in"LAEF"and"importantly"LVEF.""
The"other"important"aspect"of"this"study"is"the"use"of"CMR,"which"is"deemed"to"be"the"gold"
standard" of" cardiac" chamber" volume" and" function" quantification.141O145" Previous" cardiac"
remodelling" studies" have" relied" upon" echocardiography" as" the" predominant" imaging" tool"
used,"and"although"echocardiography"is"commonly"used"in"clinical"practice,"it"has"limitations."
These"include"the"fact"that"image"quality"is"very"operator"dependent"and"often"suboptimal"in"
those" with" poor" acoustic" windows" (e.g." patients" with" raised" body"mass" index" and" chronic"
obstructive"pulmonary"disease)."For"example,"Natale"et"al."have"shown"that"severely"dilated"
LA"in"nonOparoxysmal"AF"exhibit"reverse"remodelling"after"catheter"ablation,"using"simply"LA"
diameter" on" 2DOTTE.155" However," our" data" clearly" highlights" the" fact" that" LA" diameter"
correlates"poorly"to"MRI"assessment"of"LA"volume"(r=0.35,"p=0.02)" (Figure"4.3)"whilst"other"
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studies" have" shown" that" echocardiography" underestimates" LA" size" as" compared" with"
computed"tomography"and"CMR.156"
Another" advantage" of" CMR" is" the" high" interstudy" reproducibility" due" to" the" fact" it" is" not"
significantly"operator"dependent,"unlike" in"echocardiography."This" is"particularly" relevant" to"
this"study"as"chamber"measurements"were"compared"longitudinally."157"158"
Finally" our" study" has" demonstrated" that" baseline" LAmax" is" an" independent" predictor" of" LA"
reverse" remodelling." The"odds" ratio" (1.08)" suggests" the"higher" the"baseline" LAmax"volume,"
the"more"chance"of"reverse"remodelling,"in"keeping"with"data"from"Fredersdorf"et"al.159"This"
challenges" the" notion" of" irreversibility" of" structural" changes" associated" with" LSPAF," and"
suggests" that" it" is" indeed" possible" for" those" with" LSPAF" and" significantly" enlarged" atria" to"
reverse"remodel"in"the"context"of"ablation"treatments.""
4.5.1!Limitations!!
One"of"the"unique"aspects,"and"perhaps"a"limitation,"of"the"study"is"that"baseline"CMR"scans"
were" conducted" with" patients" in" AF," typical" of" LSPAF" patients." These" patients" were" not"
electrically"cardioverted"immediately"before"CMR"scans"as"these"patients"often"fail"to"restore"
and"maintain"SR"long"enough"to"conduct"these"CMR"scans,"and"because"this"does"not"reflect"
real" world" clinical" practice." Imaging" the" atria" in" AF" is" technically" challenging" and" poses"
challenges"with"regards"to"image"quality."However,"in"addition"to"optimising"ventricular"rate"
control" prior" to" the" scan," technical" adjustments" to" exclude"heart" beats" that" lie" outside" the"
main"average"range"of"ROR"interval"were"used"for"image"acquisition"to"improve"image"quality"
in" some" patients." Retrospective" imaging" was" typically" used" with" the" exception" of" some"
patients"with"faster"heart"rates"where"prospective"imaging"was"utilised."The"last"limitation"is"
with"regards"to"the"definition"of"LA"reverse"remodelling"and"the"regression"analyses."There"is"
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no"formal"evidence"base"on"which"to"base"this"‘cut"off’"figure."In"the"absence"of"a"consensus"
figure," the" ≥" 15%" decrease"was" chosen" in" line"with" previously" published" studies." Clearly" a"
higher"or"lower"cutoff"would"have"an"impact"on"the"results"in"this"study."160"161"The"regression"
model"presented"above"should"be"treated"with"caution,"as"it"incorporates"the"baseline"LAmax"
volume"as"well"as"the"fact"that"LAmax"defines"reverse"remodeling."162"One"probable"approach"
to" solve" this" is" to" use" an" instrumental" variable." "However," the" fact" that" this" model" is"
underpowered"using"the"methodology"of"Demidenko"means"that"this"approach"is"impractical."
162"163"
4.6!Conclusion!
CMR"imaging"shows"that"ablation"therapy"in"LSPAF,"irrespective"of"clinical"outcome,"results"in"
favourable" LA" (and" RA)" reverse" remodelling" and" improvement" in" biventricular" ejection"
fractions."LAmax"volume"at"baseline"is"an"important"predictor"of"LA"reverse"remodelling."This"
provides" important" evidence" that" the" structural" changes" that" accompany" LSPAF" are" not"
irreversible,"and"that"an"interventional"approach"in"these"patients"should"be"considered.""
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Chapter!5!
The!impact!of!using!contact!force!technology!during!catheter!
ablation!of!atrial!fibrillation!
!
5.1!Abstract!
5.1.1!Introduction"
Pulmonary"vein"reconnection"after"pulmonary"vein"isolation"(PVI)"is"one"of"the"key"weaknesses"of"
contemporary"of"atrial"fibrillation"(AF)"ablation"procedures."The"acute"reconnection"of"pulmonary"
vein"(PV)"is"a"common"occurrence"post"PVI,"and"has"been"demonstrated"to"be"a"negative"predictor"
of" longOterm" success" in" AF" ablation." This" has" driven" the" quest" to" improve" the" durability" and"
longevity"of"radiofrequency"(RF)"lesions"and"has"resulted"in"ongoing"advances"in"the"tools"used"by"
electrophysiologists." Recently" a" new" generation" of" catheters" has" emerged" with" inbuilt" contact"
force"(CF)"sensing"technology,"enabling"realOtime"catheter"tipOtoOtissue"CF"analysis"during"ablation."
It" was" postulated" that" the" use" of" CF" technology"might" improve" the" efficacy" of" PVI" by" reducing"
acute"PV"reconnection"rates."
5.1.2!Methods!
Forty"patients"with"symptomatic"AF"were"sequentially"recruited"and"divided"into"two"groups"–"
first" ‘unblinded’"and" then" ‘blinded’." Twenty"patients" in"each"group"underwent"PVI"using"an"
irrigated"tip"catheter"providing"realOtime"analysis"of"catheter"tipOto"tissue"CF."RF"energy"was"
applied"at" 30W"with"a" temperature" limit"of" 48°C." The"operator"was"only"blinded" to" the"CF"
sensor"values"in"the"blinded"group."After"PVI"confirmation,"exit"and"entrance"block"were"reO
tested" after" 1" hour," including" the" use" of" intravenous" adenosine" challenge" to" awaken" any"
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dormant"PV"sleeve"connections.""
5.1.3!Results!
Acute"electrical" isolation"was"successfully"achieved" in"all"80"PVs"(100%)" in"each"group"of"20"
patients" (age"62±13"yrs,"26"male)."Baseline"characteristics" (no"statistical"difference)"and"the"
type"of"AF"(35%"paroxysmal,"65%"persistent)"were"well"matched"between"the"two"groups."In"
the" blinded" group," acute" PV" reconnection" rates" were" significantly" higher" than" in" the"
unblinded" group:" 17/80" (21%)" vs." 3/80" (4%);" p=0.001" respectively." Blinding" the" operator"
resulted"in"lower"mean"CF"overall"(11.6g"(10.5,12.9g)"vs."14.4g"(13.3,15.7g);"p=0.002)."Regions"
where"the"CF"applied"was"lower"than"others,"correlated"to"regions"that"were"most"prone"to"
reconnection," i.e." the" ridge"between" the" left" atrial" appendage" (LAA)"and" the" left"upper"PV,"
and"at"the"right"carina.""
5.1.4!Conclusion!
This" prospective," nonOrandomised" clinical" study" demonstrated" that" the" use" of" real" time" CF"
data"during"PVI"significantly"lowers"acute"PV"reconnection"rates."Furthermore,"CF"technology"
identified" low" CF" regions" which" correlated" with" reconnection" areas." The" use" of" this"
technology"may" translate" into"superior" longOterm"success" rates" from"AF"ablation," "although"
clearly"formal"longOterm"data"in"larger"studies"are"required"to"verify"this."
"
"
"
"
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5.2!Introduction!
In"1998,"Haissaguerre’s"seminal"paper"reported"that"ectopic"activity"from"pulmonary"vein"(PV)"
foci"played"a"significant"role"in"the"initiation"of"AF.13"Subsequent"catheter"ablation"strategies"
to"electrically"isolate"the"PVs,"thereby"eliminating"the"triggering"of"AF,"have"been"developed"
and"used"to"treat"AF"effectively."The"last"decade"has"seen"PVI"become"the"foundation"of"all"
contemporary" catheter"ablation"procedures" for"AF,"and"has" rapidly"evolved" into"a" safe"and"
increasingly"efficacious"procedure."26"
However," the" one" crucial" limitation" of" catheter" ablation" is" the" recurrence" of" atrial"
arrhythmias."This"is,"in"part,"related"to"the"recovery"of"conduction"in"previously"ablated"tissue,"
resulting" in" the" electrical" reconnection" of" the" PVs.15" 88" 164" Studies" have" shown" that" acute"
electrical"reconnection"rates"of"PVs"after"PVI"(i.e."within"60"mins),"range"from"33%"to"as"high"
as"93%,"whilst" longerOterm" reconnection" rates" (4"months"postOPVI)"have"been" shown" to"be"
80%.165"166"Furthermore,"there"is"data"to"support"the"hypothesis"that"elimination"of"acute"PV"
reconnections"may"improve"longOterm"success"rates."167"168"Therefore,"strategies"that"seek"to"
create" more" effective" radiofrequency" (RF)" lesions" from" the" outset" (both" transmural" and"
permanent),"are"desirable"in"the"quest"to"improve"both"acute"and"longOterm"success"rates."
As" the" adoption" and" application" of" catheter" ablation" for" AF" has" increased" over" the" last"
decade,"so"the"associated"technologies"have"evolved"and"improved"in"tandem."For"example,"
irrigatedOtip"catheters"are"now"the"tool"of"choice"in"AF"ablation,"as"these"catheters"allow"the"
use"of"increased"power"outputs"to"increase"lesion"size"and"depth,"although"this"is"at"the"cost"
of"accurate"catheter"tip"temperature"monitoring."With"regards"to"the"size"and"volume"of"RF"
lesions"formed"during"ablation,"there"are"several"factors"that"collectively"interact"to"influence"
the"resultant"lesion"during"ablation."These"include"the"duration"and"power"of"RF"application,"
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the"size"and"temperature"of"the"electrode,"catheter"tip"irrigation,"the"surrounding"local"blood"
flow"and"finally"the"contact"and"stability"at"the"catheter"tipOtissue"interface.169"
From"this"list,"the"contact"force"(CF)"between"the"catheter"tip"and"tissue"seems"intuitively"to"
be" a" vital" parameter" to" monitor" during" catheter" ablation," but" until" now" it" has" not" been"
possible"to"measure"it"directly.169"170"Historically,"the"CF"has"always"been"gauged"subjectively"
by"the"operator"using"indirect"methods"such"as"tactile"feedback"from"catheter,"XOray"position"
of" the"catheter" tip," and"continuous"monitoring"of" changes" in" intracardiac"electrograms"and"
impedance.169"170" However," it" is" important" to" note" that" these" surrogate"methods" have" not"
been"validated,"and"as"such"their"accuracy"remains"uncertain"with"some"postulating"that"they"
in"fact"correlate"poorly"with"contact"force.171"172"
This"has"driven"the"development"of"a"novel"CF"sensing"technology"for"use"in"catheter"ablation."
These" special" catheters" can" measure" the" CF" between" the" catheter" tip" and" the" target"
myocardium" via" a" unique" sensor" located" at" the" distal" tip" of" an" irrigated" RF" catheter"
(ThermoCool®" SmartTouch™," Biosense" Webster," USA)." PreOclinical" data" in" animal" studies"
using"CF" technology"has"demonstrated" that"CF" is" directly" related" to" the" size"of"RF" ablation"
lesions" created," and" that" its" use" can" reduce" the" incidence" of" steam" pops" and" thrombus"
formation," with" subsequent" data" verifying" its" safety" in" humans.170" 172" 173" From" the" clinical"
perspective," real" time" CF" information" has" a" number" of" potential" benefits." It" could" unmask"
known"hotspots"of"poor"catheter"tipOtissue"contact,"allowing"targeted"ablation"at"these"sites"
with"appropriate" levels"of" contact" force" to"produce"durable" transmural" lesions."This" in" turn"
this" could" reduce" rates" of" acute" electrical" reOconnection" and" potentially" improve" clinical"
outcome."This"idea"formed"the"basis"of"this"study.""
The" main" hypothesis" was" that" suboptimal" endocardial" catheter" tip" contact" with" the"
!!
145!
endocardium" during" PVI" contributes" to" suboptimal" lesion" formation," and" hence" a" greater"
potential"for"acute""electrical"reOconnection.""A"further"hypothesis"was"that"areas"with"low"CF"
are"likely"to"correlate"with"regions"of"acute"reconnection."
5.3!Methods!
5.3.1!Study!population!
Forty"patients"consecutive"patients"between"the"ages"of"18"and"80"who"were"referred"for"and"
due" to" undergo" de" novo" AF" ablation" at" our" tertiary" cardiac" centre"were" enrolled" into" this"
prospective" nonOrandomised" study." All" procedures"were" performed" after" obtaining"written"
informed"consent" in"accordance"with" local" institutional"guidelines"at" the"Royal"Brompton"&"
Harefield"NHS"Foundation"Trust"(RB&HFT)."An"ethical"review"committee"granted"approval"for"
the"study"(LondonOEast"NRES"REC"11/LO/1954)."
5.3.2!Clinical!trial!design!
Patients" were" sequentially" recruited" into" an" ‘unblinded" group’" and" then" into" a" ‘blinded"
group’."Both"groups"consisted"of" twenty"patients"each,"all"of"whom"underwent"AF"ablation"
conducted"by"experienced"operators"at"our"high"volume"centre"using"the"CF"sensing"catheter."
5.3.3!CF!catheter!technology!
The" CF" sensing" catheter" used" in" this" study" is" the" SmartTouchTM" catheter" developed" by"
Biosense"Webstar"in"the"USA,"which"is"designed"to"be"fully"integrated"with"its"existing"CARTO"
3" electroanatomical" mapping" system." The" catheter" itself" is" 7.5F" with" a" 3.5mm" externally"
irrigated" electrode," which" is" connected" to" a" tiny" spring" in" the" shaft," which" has" 3" location"
sensors"(Figure"5.1)."The"sensors"measure"each"deformation"of"the"spring"with"a"resolution"of""
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"""""""""""""""" !
Figure!5.1!SmartTouchTM!catheter!(Biosense!Webster,!USA).!!
Reproduced'with'permission'from'Biosense'Webster.'
!
"
Figure!5.2!CARTO!3!SmartTouch!Software!Module!(CARTO!3!System,!Biosense!Webster,!USA)!!
This'module'shows'graphical'and'numerical'displays'of'CF'and'the'force'vector'in'real'time.'Reproduced'with'
permission'from'Biosense'Webstar.'
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"
1g,"and"transmit"this"information"every"50ms,"allowing"both"graphical"and"numerical"displays"
of"CF"and"the"force"vector"in"real"time"(Figure"5.2)."
5.3.4!Catheter!ablation!protocol!
The"AF"ablation"procedures"were"conducted"according"to"standard"clinical"practice"guidelines"
in"all"aspects"except"for"the"use"of"the"SmartTouchTM"4mm"catheter"with"the"accompanying"
SmartTouch"module"on"the"CARTO"3"electroanatomical"mapping"system"(Biosense"Webster,"
USA)."The"SmartTouchTM""catheter" is"a"modification"of"a"commonly"used"existing"AF"ablation"
catheter," the" EZ" Steer" ThermoCool®" Nav," which" was" very" familiar" to" the" operators" in" the"
study" and" importantly" has" very" similar" handling" characteristics." Furthermore," all" of" the"
operators"in"the"study"had"extensive"experience"of"using"the"SmartTouchTM"catheter"prior"to"
commencement"of"the"clinical"trial.""
The" catheter" ablation" procedure" was" performed" on" uninterrupted" warfarin" therapy" in"
accordance" with" 2012" guidelines.26" Transoesophageal" echocardiography" was" undertaken"
immediately" after" induction"of" general" anaesthesia" to"exclude" thrombus" in" the" LAA," assess"
patency" of" the" interatrial" septum," delineate" left" atrial" and" PV" anatomy," and" thereafter" to"
guide" the" transOseptal" puncture" alongside" fluoroscopy" in" order" to" enter" the" left" atrial" (LA)"
chamber." TransOseptal" access"was" then" gained" using" a" Brockenburgh" needle," and" two" long"
sheaths" (Preface"Biosense"Webster,"Diamond"Bar,"CA,"USA)"were"placed" in" the" LA" to"allow"
introduction" of" the" catheters." At" this" point," additional" anticoagulation" in" the" form" of"
unfractionated" heparin" was" given" to" achieve" a" target" activated" clotting" time" (ACT)" >300"
seconds,"with"dosing" judged"by"the"operator"based"on"patient"BMI"and"preOprocedural" INR."
The"ACT"was"then"measured"at"frequent"intervals"thereafter"to"ensure"the"target"time">300"
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seconds"was"maintained."In"addition,"the"long"sheaths"in"the"LA"chamber"were"continuously"
flushed" (via" sideOarm)" transOseptal" sheaths" with" heparinised" saline" at" 25O50ml" per" hour" to"
minimise"LA"thrombus"formation"on"either"the"sheaths"or"mapping"and"ablation"catheters."
With"access"to"the"LA"secured,"PV"venograms"were"obtained"to"delineate"PV"and"LA"anatomy."
LA"geometry"was"collected"using"the"CARTO"3"threeOdimensional"electroanatomical"mapping"
system"with"a" twenty"pole" circular"mapping" catheter" (LASSO"2515"NAV,"Biosense"Webster,"
USA)." The" mapping" system" was" able" to" show" the" force" sensor" value" which" reflected" the"
applied"CF"between"the"catheter"tipOtissue"interface"in"real"time."Each"pair"of"ipsilateral"PVs"
were" then" isolated" by" circumferential" ablation" at" their" antra," with" additional" intervenous"
ablation"performed"if"necessary."RF"energy"was"delivered"at"30W"and"temperature"limited"to"
48°C."The"differences"in"the"two"groups"were"as"follows."In"the"unOblinded"group,"operators"
were"able"to"view"the"force"sensor"value"on"the"3D"electroanatomical"map"in"real"time"during"
all"phases"of"the"procedure"(mapping"and"ablation)"with"the"aim"of"applying"between"10O30g"
of" CF" during" ablation.170" 172." In" the" blinded" group," the" operator" was" blinded" to" this" force"
sensor"value"during"the"procedure,"although"this"data"was"recorded"for"the"purpose"of"offline"
analysis."
5.3.4.1!Acute!PV!reconnection!testing!protocol!
One"hour"after"wide"area"circumferential"ablation"and"PVI"was"achieved,"electrical"conduction"
was"reOassessed"in"two"stages."First,"entrance"block"was"tested"with"placement"of"a"circular"
catheter" in"each"of"the" individual"PVs"to"ensure"electrical"disconnection"and"then"exit"block"
(during"sinus"rhythm)"for"each"PV"was"checked"by"pacing"within"one"of"the"PVs"showing"local"
ipsilateral"PV"capture"without"capturing"the"atrium"or"by"maximum"output"pacing"within"the"
PVs"without"capturing"the"atrium."The"second"stage"was"the"administration"of"an"adenosine"
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challenge" of" 12mg" given" intravenously" for" each" PV" in" order" to" reveal" any" sites" of"
reconnection." Adenosine" is" used" frequently" in" clinical" practice" to" assess" for" dormant" PV"
conduction" after" PVI," due" to" its" ability" to" hyperpolarise" the" resting"membrane" potential" of"
dormant"PVs."174"If" reconnection"was"demonstrated,"further"ablation"was"applied"to"achieve"
PVI."
5.3.4.2!Analysis!of!CF!data!!
PostOprocedural" analysis"of" all" 11,304"ablation"points"used" to" achieve"PVI" in" all" 40"patients"
was"performed"offline."Using"CARTO"3"software"(Figure"5.3)"each"ipsilateral"pair"of"PV"antra"
was"divided"into"seven"segments"and"the"CF"and"Force"Time"Integral"(FTI)"data"for"each"lesion"
were"then"analysed."FTI"was"defined"as"the"integral"of"the"CFOtime"curve"during"the"ablation"
period"in"which"the"catheter"was"located"within"the"segment"of"interest."
"
"
Figure!5.3!Segmentation!of!left!pulmonary!vein!into!7!segments.!
"
"
!!!!!!!!!!!!!!!! !
LAA!
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5.3.5!Statistical!analysis!
Normally" distributed" continuous" variables" were" presented" as"mean" ±" SD" and" comparisons"
made" using" the" 2Osample" tOtest." Categorical" data" were" presented" as" proportions," and"
comparisons"made"using"the"chiOsquared"test."Skewed"continuous"data"were"presented"as"the"
median"(interquartile"range"(IQR))"and"comparisons"made"using"the"Wilcoxon"rank"sum"test."
To"determine" the"effect"of" several" variables"on"PV" reconnection," generalised" linear"models"
were" used" assuming" gamma"distribution"with" the" logarithm"as" the" link" function." For" these"
analyses," the" ratio" of" the" arithmetic" means" between" pairs" of" groups" was" reported" for"
statistical" significance," full" details" of" which" are" shown" in" Tables" 5.2O5.4." For" clinical"
applicability,"these"ratios,"where"relevant,"are"reported"as"arithmetic"mean"values"in"the"text."
Statistical" significance" was" defined" as" p<0.05" and" data" were" analysed" using" Stata" 12"
(Statacorp,Texas,USA).
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5.4!Results!
5.4.1!Baseline!characteristics!
Twenty"patients"were"enrolled"sequentially"into"each"of"the"two"groups,"starting"with"the"unO
blinded" group." The" baseline" characteristics" for" each" of" the" two" groups," unOblinded" and"
blinded,"were"analysed"and"detailed"in"Table"5.1"below."There"were"no"statistically"significant"
differences"observed.""
Table!5.1!Baseline!characteristics!
!
Parameter!
!
!
UnXblinded!Group!
(n=20)!
!
!
Blinded!Group!
(n=20)!
!
!
pXvalue!
"
Age"(y)"
Mean"±"standard"deviation"
"
Sex,"n"(%)"
Male"
"
Cardiovascular"coOmorbidities"
Coronary"artery"disease,"n"(%)"
Heart"failure,"n"(%)"
Valvular"disease,"n"(%)"
Hypertension,"n"(%)"
Dyslipidaemia,"n"(%)"
"
Left"atrium"diameter"(mm)"
Mean"±"standard"deviation"
"
Ejection"fraction"(%)"
Mean"±"standard"deviation"
"
Type"of"AF"
Paroxysmal,"n"(%)"
Persistent,"n"(%)"
"
"
"
63"±"14"
"
"
15"(75)"
"
"
2"(10)"
6"(30)"
1"(5)"
7"(35)"
7"(35)"
"
"
42"±"8"
"
"
57"±"12"
"
"
7"(35)"
13"(65)"
"
"
60.7"±"12"
"
"
11"(55)"
"
"
1"(5)"
2"(10)"
0"(0)"
6"(30)"
10"(50)"
"
"
41"±"5"
"
"
59"±"10"
"
"
7"(35)"
13"(65)"
"
"
0.58"
"
"
0.19"
"
"
1"
0.24"
1"
0.74"
0.34"
"
"
0.83"
"
"
0.56"
"
"
1"
1"
!
!
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5.4.2!Procedural!results!!
The" total" procedure" time" in" the" unOblinded" group" compared" with" the" blinded" group" was"
209±65" vs." 207±59" mins;" p=0.92." The" total" radiofrequency" time" in" the" unOblinded" group"
compared"with"the"blinded"group"was"3641±1233"vs."3113±1387s;"p=0.29.""
5.4.3!Rates!of!acute!PV!reconnection!!
Twenty"consecutive"patients" in"each"group"underwent"successful"PVI"for"symptomatic"drugO
refractory"AF."In"both"groups,"all"4"PVs"per"patient"(total"n=80)"were"successfully"electrically"
isolated." In" the" unOblinded" group," acute" reconnection" of" 3/80" PVs" (4%)" occurred" in" 3/20"
patients" (15%)" (Figure" 5.4)." In" the" blinded" group," the" rate" of" acute" reconnection" was"
significantly"higher,"with"reconnection"occurring"in"17/80"PVs"(21%;"p=0.001)"amongst"14/20"
patients" (70%;"p=0.001)."Out"of"all" the"reconnections,"19/20"(95%)"occurred"spontaneously,"
with"the"use"of"intravenous"adenosine"unmasking"only"1/20"of"these"reconnections.""
!
Figure!5.4!X!Number!of!acute!PV!reconnections!at!PV!at!patient!level!
Reproduced'with'permission.'188'
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5.4.4!Regional!sites!of!PV!reconnections!
The"regional"distributions"of"all"the"acute"PV"reconnections"are"shown"in"Figures"5.5"and"5.6."
As" previously" mentioned," the" blinded" group" had" the" greatest" number" of" acute" PV"
reconnections." Further" investigation" showed" that" of" the" left" PV" reconnections," 7/9" (77%)"
were"located"in"the"left"anteriorOsuperior"and"left"superior"segments,"whilst"of"the"right"PVs,"
the"commonest"segment"for"reconnection"3/8"(38%)"was"the"carina"(intervenous"region)." In"
both"groups,"the"posterior"wall"accounted"for"only"4/20"(20%)"of"reconnections,"which"were"
all"near"the"right"PVs."In"comparison,"the"rate"of"reconnections"in"the"unOblinded"group"was"
far"less"at"3/20"(15%),"with"none"located"in"the"superior"segments."
!
!
Figure!5.5!Segmented!PV!model!showing!regions!of!acute!reconnection—!blinded!group.!
Key:'n=80,'total'17'acute'reconnections,'21%'reconnection'rate.'Reproduced'with'permission.'188!
!
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Figure!5.6!Segmented!PV!model!showing!regions!of!acute!reconnection—!unXblinded!group.''
Key:'n=80,'total'3'acute'reconnections,'4%'reconnection'rate.'Reproduced'with'permission'188!
!
5.4.5!Intergroup!CF!analysis!(blinded!vs.!unXblinded)!at!segmental!level"
A" comparison" was" then" made" between" the" two" groups" with" regards" to" the" ratios" of" the"
overall"mean"CF"and"overall"mean"total"FTI."This"demonstrated"significant"differences"with"the"
blinded"group"showing"significantly"lower"overall"mean"CF"values"(11.6g"(10.5,12.9g)"vs."14.4g"
(13.3,15.7g);" p=0.002," and" significantly" lower" overall" mean" total" of" FTI" 1819g/s" ((1620,"
2042g/s)" vs." 3055g/s" (2662," 3506g/s);" p<0.0001)," compared" with" those" in" the" unOblinded"
group"respectively.""
At"segmental" level,"analysis"of" the"mean"CF"ratio"between"these"two"groups" (Table"5.2'and'
Figure" 5.7)" showed" that" the" left" anteroOsuperior" (8.7g" (6.8,10.98g)" vs." 12.6g" (10.4,15.4g);"
p=0.02)"and" the" left" superior" (9.5g" (7.7,11.7g)"vs."14.6g" (12.8,16.7);"p=0.001)" segments"had"
significantly" lower"mean"CF"ratio"values" in" the"blinded"group." Interestingly," these"were"also"
the"two"commonest"areas"of"reconnection" in"the" left"PVs,"which"all"occurred" in"the"blinded"
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group." Similarly," on" the" rightOsided" PVs," the" right" carina"which"was" the" commonest" site" of"
reconnection" in" the" blinded" group" showed" a" lower" mean" CF," however" this" did" not" reach"
statistical"significance"(6.4g"(3.9,"10.5g)"vs."10.5g"(7.6,14.6g);"p=0.1).1
1
Table!5.2!X!Regions!of!differential!mean!CF!between!groups!in!segmented!PV!model!!
!
!
!
Segment!
!
!
Mean!CF!ratio!(CI)!
Grams!
!
!
pXvalue!
!
Blinded!Group!
Arithmetic!
Mean!CF!(CI)!
Grams!
!
!
UnXblinded!Group!
Arithmetic!
Mean!CF!(CI)!
Grams!
Left"carina" 0.9"(0.5O1.8)" 0.8"
"
8.2"(5.0O13.5)" 8.8"(5.9O13.2)"
"
Right"carina"
"
0.6"(0.3O1.1)" 0.1"
"
6.4"(3.8O10.6)"
"
10.5"(7.6O14.6)"
"
Left"inferior"
"
0.9"(0.7O1.1)" 0.19"
"
10.9"(9.0O13.1)"
"
12.7"(11.1O14.6)"
"
Right"inferior"
"
0.8"(0.6O1.1)" 0.1"
"
11.2"(8.4O15.0)"
"
14.6"(13.1O16.3)"
"
Left"superior"
"
0.7"(0.5O0.8)" 0.001"
"
9.5"(7.7O11.7)"
"
14.6"(12.8O16.7)"
"
Right"superior"
"
0.8"(0.6O1.1)" 0.2"
"
14.4"(11.5O18.0)"
"
17.2"(14.6O20.3)"
"
Left"anteroOinferior"
"
1.0"(0.7O1.4)" 0.92"
"
12.1"(9.2O15.9)"
"
12.3"(10.4O14.6)"
"
Right"anteroOinferior"
"
0.8"(0.6O1.1)" 0.1"
"
13.5"(10.6O17.3)"
"
17.4"(14.7O20.6)"
"
Left"anteroOsuperior"
"
0.7"(0.5O0.9)" 0.02"
"
8.7"(6.8O11.0)"
"
12.6"(10.4O15.4)"
"
Right"anteroOsuperior"
"
0.8"(0.6O1.0)" 0.1"
"
14.1"(11.5O17.4)"
"
17.7"(15.0O21.0)"
"
Left"posteroOsuperior"
"
0.9"(0.7O1.2)" 0.55"
"
13.8"(12.0O15.9)"
"
14.8"(12.4O17.7)"
"
Right"posteroOsuperior"
"
0.8"(0.5O1.1)" 0.17"
"
14.9"(10.6O20.9)"
"
19.4"(16.7O22.4)"
"
Left"posteroOinferior"
"
0.9"(0.6O1.3)" 0.54"
"
12.0"(8.9O16.2)"
"
13.4"(11.5O15.5)"
"
Right"posteroOinferior"
"
0.8"(0.6O1.1)" 0.11"
"
13.0"(10.5O16.2)"
"
16.1"(14.0O18.5)"
"
"
!
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!
Figure! 5.7! Regions! of! differential! mean! CF! between! groups! in! segmented! PV! model.! Segments!
demonstrating!significant!difference!between!groups!are!highlighted!with!an!asterisk.'
Key:'LAA'='left'atrial'appendage;'LIPV'='left'inferior'pulmonary'vein;'LSPV'='left'superior'pulmonary'vein;'RIPV'='
right'inferior'pulmonary'vein;'RSPV'='right'superior'pulmonary'vein.!Reproduced'with'permission'188!
!
5.4.6!Intragroup!mean!CF!analysis!at!segmental!level!
To"examine"the"potential"impact"of"real"time"CF"at"different"regions"of"PVs,"each"segment"was"
analysed"in"comparison"to"all"other"segments"in"each"of"the"two"groups."In"the"blinded"group"
(Table"5.3),"three"segments"were"found"to"have"significantly"lower"mean"CF"when"compared"
with" all" other" segments:" left" superior" segment" (9.5g" (7.6," 11.7g)" vs." 11.8g" (13.2,15.8g);"
p=0.04)," left" anteroOsuperior" segment" (8.7g" (6.8,11.0g)" vs." 11.8g" (10.6," 13.3g);" p=0.02)" and"
right" carina" segment" (6.4g" (3.8,10.6)" vs." 12.0g" (10.8,13.5g);" p=0.02)." These" three" segments"
correlated"to"segments"with"a"high"predilection"of"reconnection."
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Table!5.3!X!Blinded!intragroup!segmental!mean!CF!analysis!
"
!
!
!
!
Blinded!Intragroup!Segmental!Mean!CF!Analysis!
!
Segment!
!
Mean!CF!ratio!
(CI)!of!segment!
vs.!all!other!
segments!
Grams!
!
pXvalue!
!
Corresponding!Arithmetic!Mean!CF!
values!(CI)!
Grams!!
!
Left"carina"
"
0.7"(0.4O1.1)" 0.15" 8.2"(5.0O13.6)"vs."11.9"(10.7O13.2)"
Right"carina"
"
0.5"(0.3O0.9)" 0.02" 6.4"(3.8O10.6)"vs."12.0"(10.8O13.5)"
Left"inferior"
"
0.9"(0.8O1.1)" 0.43" 10.8"(9.0O13.1)"vs."11.7"(10.5O13.0)"
Right"inferior"
"
1.0"(0.7O1.3)" 0.8" 11.2"(8.4O15.0)"vs."11.6"(10.4O13.0)"
Left"superior"
"
0.8"(0.6O1.0)" 0.04" 9.5"(7.6O11.7)"vs."11.8"(10.5O13.2)"
Right"superior"
"
1.3"(1.0O1.5)" 0.02" 14.4"(11.5O18.0)"vs."11.4"(10.3O12.7)"
Left"anteroOinferior"
"
1.0"(0.8O1.4)" 0.79" 12.1"(9.1O16.0)"vs."11.6"(10.3O13.0)"
Right"anteroOinferior"
"
1.2"(0.9O1.5)" 0.17" 13.5"(10.5O17.3)"vs."11.5"(10.3O12.8)"
Left"anteroOsuperior"
"
0.7"(0.6O1.0)" 0.02" 8.7"(6.8O11.0)"vs."11.8"(10.6O13.3)"
Right"anteroOsuperior"
"
1.2"(1.1O1.5)" 0.01" 14.1"(11.5O17.4)"vs."11.4"(10.3O12.7)"
Left"posteroOsuperior"
"
1.2"(1.0O1.4)" 0.03" 13.8"(12.0O16.0)"vs."11.4"(10.2O12.8)"
Right"posteroOsuperior"
"
1.3"(0.9O1.8)" 0.11" 15.0"(10.6O21.0)"vs."11.4"(10.2O12.6)"
Left"posteroOinferior"
"
1.0"(0.8O1.4)" 0.8" 12.0"(8.9O16.3)"vs."11.6"(10.5O12.8)"
Right"posteroOinferior"
"
1.1"(0.9O1.4)" 0.27" 13.0"(10.4O16.2)"vs."11.5"(10.3O12.8)"
"
"
"
"
"
"
"
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!
Table!5.4!X!Unblinded!intragroup!segmental!mean!CF!analysis!
"
!
!
!
!
Unblinded!Intragroup!Segmental!Mean!CF!Analysis!
!
Segment!
!
Mean!CF!ratio!
(CI)!of!segment!
vs.!all!other!
segments!
Grams!
!
pXvalue!
!
Corresponding!Arithmetic!Mean!CF!
values!(CI)!
Grams!
!
Left"carina"
"
0.6"(0.4O0.9)" 0.01" 8.8"(5.9O13.3)"vs."14.9"(13.7O16.1)"
Right"carina"
"
0.7"(0.5O1.0)" 0.05" 10.5"(7.5O14.6)"vs."14.7"(13.5O16.0)"
Left"inferior"
"
0.9"(0.8O1.0)" 0.06" 12.7"(11.0O14.6)"vs."14.6"(13.4O15.9)"
Right"inferior"
"
1.0"(0.9O1.1)" 0.78" 14.6"(13.0O16.3)"vs."14.4"(13.3O15.7)"
Left"superior"
"
1.0"(0.9O1.2)" 0.87" 14.7"(12.8O16.7)"vs."14.4"(13.2O15.8)"
Right"superior"
"
1.2"(1.1O1.4)" 0.01" 17.2"(14.6O20.3)"vs."14.2"(13.1O15.4)"
Left"anteroOinferior"
"
0.8"(0.7O1.0)" 0.01" 12.3"(10.4O14.6)"vs."14.6"(13.5O15.8)"
Right"anteroOinferior"
"
1.2"(1.0O1.4)" 0.02" 17.4"(14.7O20.6)"vs."14.2"(13.0O15.5)"
Left"anteroOsuperior"
"
0.9"(0.7O1.1)" 0.17" 12.6"(10.4O15.4)"vs."14.6"(13.4O15.8)"
Right"anteroOsuperior"
"
1.2"(1.1O1.5)" 0.01" 17.7"(14.9O21.0)"vs."14.2"(13.1O15.4)"
Left"posteroOsuperior"
"
1.0"(0.9O1.2)" 0.73" 14.8"(12.4O17.7)"vs."14.4"(13.3O15.7)"
Right"posteroOsuperior"
"
1.4"(1.2O1.6)" 0.001" 19.4"(16.7O22.5)"vs."14.1"(12.9O15.3)"
Left"posteroOinferior"
"
0.9"(0.8O1.1)" 0.27" 13.3"(11.5O15.5)"vs."14.5"(13.3O15.8)"
Right"posteroOinferior"
"
1.1"(1.0O1.3)" 0.08" 16.1"(14.0O18.7)"vs."14.3"(13.1O15.6)"
"
In"the"unOblinded"group"(Table"5.4),"the"only"segment"that"demonstrated"a"significantly"lower"
mean"CF"when"compared"to"all"other"segments"was"the" left"anteroOinferior"segment" (12.3g"
(10.4,14.6g)"vs."14.6"(13.5,"15.8g);"p=0.01)."In"this"group,"this"was"one"of"only"two"segments"
to"host"a"reconnection.!
5.4.7!Regions!exhibiting!reconnections!
The" next" stage" of" the" analysis" concentrated" on" comparison" of" the" mean" CF" at" segments"
experiencing"reconnection"(the"blinded"group"accounting"for"the"majority"of"these),"with"the""
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mean"CF" at" segments"which"did"not" experience" reconnection" in" the"unOblinded" group." The"
hypothesis" for" this"analysis"was"based"on" the"assumption" that" segments"may"have"avoided"
reconnection"via"the"availability"and"use"of"real"time"CF"data."Indeed,"the"statistical"analysis"
showed" that" at" the" segments" that" had" a" predilection" for" reconnections," the"mean" CF"was"
significantly"lower"(14.5g"(13.3,15.7g)"vs."19.6"(14.6,"26.3g);"p=0.02)."""
5.4.8!Clinical!predictors!of!reconnection!
Univariable"analysis"of" clinical" variables"did"not" show"any"statistically" significant"association"
with"reconnections"(Table"5.5).""Multivariable"analysis"therefore"was"not"indicated.!
1
Table!5.5!Univariable!analyses!of!clinical!predictors!of!reconnection!!
"
!
!
!
Univariable!Analysis!of!Clinical!Predictors!of!
Reconnection!
!
!
Parameter!
!
!
Reconnection!
!
NonXreconnection!
!
pXvalue!
Age"(y)"Mean"±"SD"
"
Sex,"n"(%)"Male"
"
Cardiovascular"coOmorbidities"
Coronary"artery"disease,"n"(%)"
Heart"failure,"n"(%)"
Valvular"disease,"n"(%)"
Hypertension,"n"(%)"
Dyslipidaemia,"n"(%)"
"
Left"atrium"diameter"(mm)"
Mean"±"SD"
"
Ejection"fraction"(%)"
Mean"±"SD"
"
Type"of"AF"
Persistent,"n"(%)"
63"(11)"
"
10/17"(59)"
"
"
2/17"(12)"
4/17"(24)"
0/17"(0)"
5/17"(30)"
8/17"(47)"
"
"
42"(41O44)"
"
"
57"(13)"
"
"
12/17"(71)"
61"(14)"
"
16/23"(70)"
"
"
1/23"(4)"
4/23"(17)"
1/23"(4)"
8/23"(35)"
9/23"(39)"
"
"
43"(39O49)"
"
"
59"(9)"
"
"
14/23"(61)"
0.72"
"
0.48"
"
"
0.57"
0.70"
1.00"
0.72"
0.62"
"
"
0.67"
"
"
0.52"
"
"
0.52"
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5.4.9!Procedural!complications!
The"only" periOprocedural" complication" sustained" in" either" group"was" that" of" a" one" femoral"
pseudoaneurysm"in"the"unOblinded"group"which"was"managed"conservatively"with"a"thrombin"
injection"and"which"resolved"clinically"without"longOterm"sequelae.!
5.5!Discussion"
The"key"findings"of"this"study"examining"the"impact"of"contact"force"sensing"during"PVI"were"
as"follows:" " "
(1 ) " The" use" of" real" time" CF" data" during" PVI" resulted" in" very" low" rates" of" acute" PV"
reconnection."Acute"PV"reconnection"rates"were"statistically"much"lower"than"that"observed"
when"the"operator"was"blinded"to"the"CF"data.""
(2)" The" resultant" effect" of" blinding" the" operator" were" that" of" significantly" lower" values" of"
mean"CF"overall."
(3)"Finally,"the"segments"in"the"blinded"group"where"mean"CF"was"significantly"lower"than"at"
other" segments," or" significantly" lower" than" in" the" unOblinded" group," correlated" to" the"
commonest"sites"of"reconnection."
5.5.1!Importance!of!PVs!in!AF!
The" PVs" are" known" to" play" a" critical" role" in" the" pathophysiology" of" AF." PV" ectopics" are"
implicated" in" the" mechanisms" of" both" paroxysmal" and" persistent" AF." Mechanistically," in"
paroxysmal"AF"the"PVs"are"predominantly"a"trigger" for"AF,"whilst" in"persistent" forms" it"may"
act" as" a" rapid" driver" that" sustains" the" arrhythmia," alongside" several" other" postulated"
mechanisms."13"175"176"It"is,"therefore,"unsurprising"that"after"Haissaguerre’s"seminal"paper,"PVI"
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subsequently"became"the"cornerstone"of"catheter"ablation"therapy"of"AF,"and"is"deemed"an"
effective"form"of"therapy"for"those"with"drugOrefractory"paroxysmal"AF"or"as"part"of"a"more"
extensive"ablation"strategy"in"persistent"forms"of"AF."26"!
5.5.2!Relevance!of!acute!PV!reconnection!
PVI,"however,"has"an"Achilles’"heel."This"is"the"reconnection"of"previously"ablated"and"isolated"
PVs." Following" successful" PVI," patients" who" experience" a" recurrence" of" AF" or" atrial"
tachycardia" have" a" very" high" likelihood"of" PV" reconnection,"with" previously" published"data"
documenting" this" figure" to" be" over" 80%.15"88"164"What" is" interesting" is" that" the" converse" is"
found" amongst" patients" who" do" not" experience" a" recurrence" of" atrial" tachyarrhythmia"
following"PVI" i.e." the"rate"of"PV"reconnection"found"on"reOstudying"the"LA" is"much" lower"at"
19O32%." This" is" highly" suggestive" of" the" fact" that" PV" reconnection" plays" an" important"
mechanistic"role"in"these"recurrences."86"177""
The"published" rates"of" acute"electrical" reconnection"within"60"minutes"of"PVI" range"widely"
from"33%"to"as"high"as"93%."165"166"178"Unsurprisingly,"the"higher"figure"of"above"90%"rate"of"
acute"PV"reconnection"is"found"in"a"study"with"a"waiting"time"of"60"minutes.165"Importantly,"
the"early"recurrence"of"AF"has"been"demonstrated"to"predict"recurrences"at"a"later"date,"and"
overall" is"associated"with"lower"longOterm"success"rates"of"catheter"ablation.179O181"However,"
there" is" data" supporting" the"aggressive" identification"and" reOisolation"of" acute" reconnected"
PVs"which"translates"into"higher"longOterm"success"rates.167"168"Thus,"technologies"such"as"CF"
sensing" catheters," which" can" reduce" the" rate" of" acute" PV" reconnection," may" have" the"
potential"to"improve"longOterm"procedural"success"rates."
!
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5.5.3!Mechanisms!of!acute!PV!reconnection!
PV"reconnection"is"thought"to"occur"at"sites"postOablation"where"there"is"nonOtransmural"and"
nonOpermanent"myocardial"tissue"damage."There"is"histologic"and"ultrasound"data"supporting"
the" concept" that" this" is" caused" by" reversible" tissue" oedema,"which" in" itself" is" due" to" poor"
stability" and" contact" between" catheter" tipOmyocardial" tissue" during" ablation.182"183"To" avoid"
the" potential" for" reversibility" of" PV" electrical" isolation," it" is" of" paramount" importance" to"
achieve"optimal"RF" lesions"at" the" first" sitting."This" requires" stable"and"appropriate" levels"of"
contact" force" between" catheter" tipOmyocardial" tissue" to" result" in" permanent" myocardial"
tissue"damage."The"use"of" real" time"CF"data"during"RF"ablation"may" in"part"help"to"achieve"
this"goal.""
The" findings" from" this" study" show" that" significantly" lower" rates" of" PV" reconnection" can" be"
achieved"with" the" use" of" CF" data" during" ablation." Furthermore," areas" of" reconnection" are"
associated"with"lower"CF"values"in"the"blinded"group."These"observations"are"in"keeping"with"
our" original" hypothesis" that" inadequate" endocardial" contact" during" PVI" contributes" to"
suboptimal"lesion"formation"and"hence"a"greater"potential"for"acute"electrical"reconnection."
5.5.4!Acute!PV!reconnection!sites!
In"this"study,"the"majority"of"the"reconnections"occurred"in"the"blinded"group."In"the"left"PVs"
reconnections"occurred"in"the"left"superior"and"left"anteroOsuperior"segments"which"correlate"
with"the"region"of"the"PVOLAA"ridge,"whilst"the"carina"(intervenous"ridge)"was"the"commonest"
region"of"right"PV"reconnections."The"posterior"wall"accounted"for"a"smaller"proportion"of"all"
reconnections" in"both"groups"and"it" is" interesting"to"note"that"none"of"the"reconnections" in"
the"unOblinded"group"occurred" in" the"superior"segments."This" latter"point"perhaps"confirms"
the"fact"that"operators"make"a"concerted"effort"to"make"their"ablation"lesions"more"effective"
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(optimal"FTI)"at"these"known"‘hotspots’"of"reconnection."
Overall" this"data"correlates"well"with"previously"published"data,"demonstrating"that"the"PVO
LAA"ridge"and"the"right"carina"(intervenous"ridge)"are"the"key"sites"which"have"a"predilection"
for" acute" reconnection" after" PVI.166" As" these" regions" are" known" to" have" a" propensity" to"
reconnection,"it"may"be"postulated"that"the"availability"of"real"time"CF"data"is"helpful"to"the"
operator"with"regards"to"achieving"durable"lesions.166"
5.5.5!Other!CF!technologies!
There" are" currently" two" other" tools" available" commercially" to" measure" CF" on" different"
platforms." The" TactiCathTM"Quartz" ablation" catheter" (Endosense," SA)" uses" proprietary" fibre"
optic"sensor"technology"mounted"on"a"3.5mm"open"irrigatedOtip"ablation"catheter,"which"has"
a"75"or"65mm"deflectable"curve."The"CF"measurements"created"by"deformation"of"the"optical"
fibres" in" the" tip"of" the"catheter"are"analysed"on"a"dedicated" separate"workstation,"and" the"
need"for"such"hardware"is"its"main"drawback."The"sensitivity"is"less"than"1g,"which"is"similar"to"
that" of" the" SmartTouchTM" catheter." The" TactiCath" catheter" has" a" wealth" of" clinical" data"
demonstrating"its"safety"and"efficacy"in"human"subjects.173"184"185""
IntelliSense®" (Hansen"Medical" Inc.,"Mount"View"CA,"US),"uses"a" robotic" catheter"navigation"
module,"incorporating"a"systemObased"force"sensing"technology,"and"is"described"in"the"first"
followOon" study" [Section" 5.6]." " It" comprises" an" inner" and" outer" sheath," each" containing" a"
system"of"pull"wires"enabling"deflection"of" the" sheaths."A" conventional" ablation"catheter" is"
passed"through"the"inner"sheath"and"the"Intellisense"CF"system"pulses"the"catheter"proximally"
at"4Hz"and"extrapolates"the"distal"catheter"CF"by"the"resistance"to"catheter"movement."This"
provides" visual" and" vibration" feedbacks" to" the"operator," and" also"has" published"data"of" its"
successful" usage" in" human" paroxysmal" AF.185" 186" The" main" practical" limitation" of" the"
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IntelliSense" technology" is" that" it" can" only" be" used" as" part" of" the" robot" system." The"
SmartTouchTM" system" has" several" advantages" over" the" alternative" technologies" available."
Firstly,"the"CF"data"is"directly"integrated"into"the"Carto"3"workstation"without"the"requirement"
of"additional"hardware."Secondly,"the"ability"to"visualise"the"force"vector"with"other"essential"
information"such"as"the"catheter"position"within"the"3D"anatomical"map"and"the"real"time"CF"
values," on" one" screen," is" invaluable" to" the" operator" in" assimilating" lots" of" information" in" a"
timely"manner.""
5.5.6!Limitations!
This" study" has" several" limitations." As" a" nonOrandomised" study" there" may" be" unmeasured"
systematic" differences" between" patient" groups," although" no" differences" were" detected"
between" the" demographics" of" the" two" groups" (Table" 5.1)." There" is" a" theoretical" possibility"
that" during" the" study" the" operators" became" more" adept" at" handling" the" catheter" and" in"
performing"PVI"during"the"initial"unOblinded"phase."If"this"were"the"case,"the"increased"rate"of"
reconnection"observed"when"subsequently"blinded"would"only"underestimate"the"benefits"of"
the" CF" catheter." Furthermore," all" operators" were" very" experienced" and" the" SmartTouchTM"
catheter"was" similar" in"handling" to" a"previous" generation"of" catheter"used"widely"by" these"
electrophysiologists."The"small"sample"size"potentially"limits"the"power"to"detect"differences"
between"groups,"although"statistically"meaningful"differences"were"still"observed"with"these"
small" numbers," suggesting" that" CF" technology" conferred" a" genuine" and" substantial" effect."
Finally,"the"study"was"limited"to"observing"the"impact"of"this"technology"on"shortOterm"acute"
PV" reconnection" rates." Although" it" may" be" extrapolated" that" these" findings" are" likely" to"
impact"upon"the"longOterm"clinical"outcomes,"these"data"cannot"confirm"or"refute"this.""
!
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5.6! FollowXon! Study! 1! –! Comparison! of! Robotic! and!Manual! Persistent! AF!
Ablation!using!Contact!Force!!
5.6.1!Introduction!
Following"on" from" this" study,"prospective" registry"data"was" collected"on" the"use"of" robotic"
and" manual" ablation" for" de" novo" persistent" AF" patients" using" CF" technology." The" key"
objective" of" this" study" was" to" compare" remote" robotic" navigation" (RRN)" CF" ablation" with"
Manual" CF" ablation." The" secondary" objective" was" to" compare" the" use" of" CF" with" nonOCF"
ablation"for"both"navigation"modes."!
5.6.2!Methods!
Prospective" registries" of" consecutive" cases" undergoing" de" novo" ablation" for" persistent" AF"
from"six"centres"in"the"UK"and"South"Africa"were"included"for"analysis."The"Royal"Brompton"&"
Harefield"NHS" Foundation" Trust" (RB&HFT)"was"one"of" the" centres" that" contributed"data" to"
this" international"multiOcentre"registry"study."Study"data"from"this"chapter"were" included"as"
was" additional" data" from" the" trust." " In" total" 50" Manual/CF" and" 50" RRN/CF" cases" were"
included." For" the" control" arms," historical" nonOCF" ablation" patients" were" matched" by"
propensity"score"to"give"a"total"patient"cohort"of"200.""In"addition"to"CF"data,"total"procedure"
time," time" taken" to" complete" right" and" left" PVI," fluoroscopy" time," fluoroscopy" dose" and"
rhythm"outcome"data"was"collected."
5.6.3!Results!
There"were"no"significant"differences"in"the"baseline"characteristics"of"the"patients"in"the"four"
groups." The" combination" of" RRN/CF" demonstrated" superior" single" procedure" 12Omonth"
success"rates"(64%"vs."36%,"p=0.01)"and"shorter"fluoroscopy"times"(41%"reduction,"p<0.0005)"
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than" compared" with" Manual/CF" ablation," although" there" was" no" difference" in" procedure"
times"(p=0.8)."Mean"CF"values"were"higher"in"the"RRN/CF"group"than"in"the"Manual/CF"group"
(16"(15O18g)"vs."13"(12O15g)"respectively,"p=0.003)."The"use"of"CF"technology"conferred"higher"
12Omonth"success"rates"for"RRN"when"compared"with"control"(historical)"nonOCF"cases"(64%"
vs."36%,"p=0.01)"but"this"was"not"the"case"with"Manual"ablation"(36%"vs."38%,"p=1)."CF"cases"
demonstrated" shorter" procedural" times" (20%," p<0.005" for" both" ablation" modalities)," and"
fluoroscopy"times"(Manual:"43%,"RRN"83%,"p<0.005"for"both)."Complication"rates"were"similar"
between"all"groups"(p>0.5).""
5.6.4!Conclusion!
This"multiOcentre"registry"study"of"persistent"AF"ablation"suggests"that"combined"RRN"and"CF"
can"achieve"superior"success"rates"at"one"year"and"reduced"fluoroscopy"times,"as"compared"
with" compared" with"Manual" ablation" and" nonOCF" RRN" ablation." Further" evaluation" of" this"
technique"in"a"randomised"control"trial"would"be"recommended."
!
!
!
!
!
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5.7! FollowXon! Study! 2! –! Medium! Term! Outcome! for! AF! ablation! using!
Contact!Force!Technology!!
5.7.1!Introduction!
The" index" study"detailed" in" this" chapter" had" shown" that" CF" technology" improved" acute"PV"
isolation"rates."However,"its"impact"upon"longerOterm"clinical"outcome"remains"unknown."The"
key" objective" of" this" study" was" to" assess" the" impact" of" CF" on" freedom" from" atrial"
tachyarrhythmia" in" medium" term" followOup." The" secondary" objective" was" to" assess" the"
impact"of"CF"on"fluoroscopy"time."
5.7.2!Methods!
Registry"data"of"de"novo"AF"ablation"procedures"utilising"CF"technology,"conducted"at"four"UK"
centres,"were"matched"1:2"to"nonOCF"controls"by"classification"of"AF"(paroxysmal,"persistent,"
longOstanding"persistent)."The"RB&HFT"was"one"of" the"centres" that"contributed"data" to" this"
national"multiOcentre"caseOcontrol"study,"including"study"data"from"this"chapter."In"addition"to"
the"use"of"CF"technology,"nineteen"other"potential"predictors"of"outcome"were"analysed.""
5.7.3!Results!
In"total,"six"hundred"de"novo"AF"ablation"cases"(two"hundred"CF"cases"and"four"hundred"nonO
CF" cases)" were" analysed" of" which" 46%" were" paroxysmal," 36%" persistent," and" 18%" longO
standing"persistent."The"mean"follow"up"duration"was"11.4"±"4.7"months"O"paroxysmal"AF"CF"
11.2"±"4.1"CF"vs."11.3"±"3.9"paroxysmal"AF"nonOCF"(p=0.745)"O"nonOparoxysmal"AF"CF"10.4"±"4.5"
CF" vs." 11.9" ±" 5.4" nonOparoxysmal" AF" nonOCF" (p=0.015)." CF" technology" independently"
predicted" clinical" success" in" the" ablation" of" paroxysmal" AF" (HR" 2.24" (95%" CIs" 1.29O3.90);"
p=0.004),"however,"it"did"not"predict"clinical"success"in"the"ablation"of"nonOparoxysmal"AF"(HR"
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0.73" (0.41O1.30);" p=0.289)" in" a" detailed" multivariate" analysis," which" included" duration" of"
followOup." " The" use" of" CF" technology" also" demonstrated" reduced" fluoroscopy" time" in"
multivariate" analysis" (reduction" by" 7.7" (5.0O10.5)" minutes;" p<0.001)." There" were" no"
differences"in"complication"rates"between"groups"(p=0.163)."
5.7.4!Conclusion"
This"large"registry"based"study"has"interestingly"shown"that"CF"technology"is"associated"with"a"
superior"medium" term"clinical"outcome" in"only"de"novo"paroxysmal"AF."CF" technology"was"
also" shown" to" reduces" fluoroscopy" times" when" compared" to" nonOCF" technology" in" all"
classifications"of"AF."
"
5.8!Overall!conclusion!
The"main"study"demonstrated"a"significantly"lower"acute"PV"reconnection"rate"with"the"use"of"
real"time"contact"force"information"during"PVI"compared"to"the"rate"in"a"control"group,"which"
was"blinded"to"real"time"CF"information."This"difference"may"be"due"to"improved"index"lesion"
formation" resulting" in" permanent" myocyte" injury," particularly" in" regions" prone" to"
reconnection"where"operators"would"find"the"real"time"CF"information"invaluable"in"ensuring"
that"good"contact"force"was"achieved." "These"results"may"have" important" implications" if,"as"
previous"studies"have"shown,"reduced"acute"PV"reconnection"translates"into"better"long"term"
clinical"outcomes"for"patients."
The"two"followOon"studies"also"highlight" that"CF"technology"confers" improved"efficacy" in"de"
novo" paroxysmal" cases" as" well" as" when" combined" with" RRN." In" addition," CF" technology"
reduces" fluoroscopy" times" conferring" significant" safety" benefits" for" both" patients" and"
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operators."
CF"technology"is"still"a"relatively"young"technology"but"these"early"results"have"shown"that"it"
can" improve"both"efficacy"and"safety"of"ablation"procedures" for"AF."What" is"needed"now" is"
larger"scale"randomised"clinical"trials"with"longOterm"followOup"to"evaluate"this"promising"new"
technology"robustly."
"
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"
Chapter!6!
CASAXAF!trial!results!
!
"
6.1!Abstract!
6.1.1!Introduction!
The" optimal" interventional" management" strategy" for" those" patients" with" long" standing"
persistent"atrial" fibrillation"(LSPAF)"has"yet"to"be"determined."Catheter"ablation"can"achieve"
modest" degrees" of" success," but" the" majority" of" patients" require" multiple" procedures."
Thoracoscopic"surgical"ablation"is"a"relatively"new"technique"for"treating"AF"that"has"yet"to"be"
evaluated"in"a"headOtoOhead"prospective"clinical"trial"in"LSPAF.""
6.1.2!Methods!
Prospective"de"novo"patients"with"LSPAF"and"left"ventricular"ejection"fraction"(EF)"of"40%"or"
more" (on" cardiac" MRI)" were" recruited" and" assigned," according" to" patient" preference," to"
undergo" either" thoracoscopic" surgical" ablation" or" catheter" ablation." The" primary" endpoint"
was"freedom"from"atrial"arrhythmias"after"a"single"procedure"without"antiOarrhythmic"drugs"
(AADs)" within" 9"months" (as" assessed" from" the" end" of" the" 3"months’" blanking" period" to" 9"
months)."Secondary"endpoints"were"clinical"success"(defined"as"75%"or"greater"reduction"of"
AF" burden)," freedom" from" atrial" arrhythmia" after"multiple" procedures," atrial" anatomy" and"
function" following"ablation"as"assessed"by"CMR," change" in"AF" symptom"score" (EHRA"score)"
and"quality"of"life"assessments"(SF36)."Although"this"was"a"nonOrandomised"study,"the"results"
were"analysed"by"intentionOtoOtreat.!
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6.1.3!Results!
As"per" intention"to"treat,"51"patients"with"an"EF"of"59±9%"and"median"duration"of"AF"of"22"
months" were" recruited," with" 26" consecutive" patients" undergoing" thoracoscopic" surgical"
ablation"and"25"consecutive"patients"undergoing"catheter"ablation."The"primary"endpoint"was"
assessed"at"9"months’"followOup."Single"procedure"success"(freedom"from"atrial"arrhythmia)"in"
the" thoracoscopic" surgical" ablation" arm" was" 81%," with" multipleOprocedures" conferring" no"
additional" benefit" to" the" outcome." In" the" catheter" ablation" control" arm," single" procedure"
success"(freedom"from"atrial"arrhythmia)"was"44%"(p=0.007),"which"increased"with"multipleO
procedures"to"60%"(p=0.10)."Major"complication"rates"were"30%"vs."8%"(p=0.04),"surgical"vs."
catheter"respectively."""
6.1.4! Conclusion!
This" is" the" first" prospective" clinical" trial" comparing" thoracoscopic" surgical" ablation" with"
catheter" ablation" focusing" on" de" novo" LSPAF" patients." It" shows" that" thoracoscopic" surgical"
ablation"can"be"performed"safely"with"superior"single"procedure"efficacy,"but"this"is"tempered"
by" a" higher" risk" of" nonOfatal" complications." As" thoracoscopic" surgical" techniques" and"
technologies"evolve,"this"may"develop"to"become"a"viable"and"more"efficacious"alternative"to"
catheter"ablation"in"the"treatment"of"LSPAF.""
"
!
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!
6.2!Introduction!
See"Chapter"1"
!
6.3!Methods!
See"Chapter"2"
!
6.4!Results!
A"total"of"74"patients"were"referred"for"consideration"for"the"study,"of"whom"11"(14.9%)"were"
unsuitable"as" they"did"not" fit" the"definition"of" LSPAF"as"defined"by" the"2012"Heart"Rhythm"
Society," European" Heart" Rhythm" Association" and" European" Cardiac" Arrhythmia" Society"
consensus"document.26"Of" the" remaining"63"patients," 54" (86%)" gave" informed" consent" and"
underwent"baseline"assessment"tests.""
Of"these"54"patients,"one"patient"was"found"to"have"concomitant"severe"mitral"regurgitation"
and"was"therefore"excluded"as"he"required"openOheart"mitral"valve"surgery;"another"patient"
was"found"to"have"concomitant"severe"coronary"artery"disease"and"hence"was"excluded"as"he"
required" coronary" artery" bypass" surgery." One" other" patient"was" found" to" have" severe" left"
ventricular" dysfunction" (EF=30%)" and" angina," and" was" excluded" from" the" study" as" per"
exclusion" criteria." 51" patients" underwent" an" ablation" procedure," of" whom" 26" had"
thoracoscopic" surgical" ablation" whilst" 25" had" catheter" ablation" as" per" their" preferences"
(Figure"6.1)."
"
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!
!
Figure!6.1!CASAXAF!CONSORT!diagram!
Key:'AF'='atrial'fibrillation;'ITT'='intention4to4treat.'
"
"
The"mean"age"of"the"population"was"65±10"years,"and"34"(67%)"of"the"patients"were"male."All"
51"(100%)"patients"had"LSPAF"as"defined"by"the"2012"HRS/EHRA/ECAS"consensus"document.26"
There" was" no" difference" in" baseline" characteristics" between" the" two" groups," except" for"
duration" of" continuous" AF," which" was" greater" in" the" surgical" group" (24" vs." 18" months,"
p=0.04)," and" there" were" more" hypertensive" patients" in" the" catheter" group" (20" vs." 13%,"
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p=0.03)."Baseline"characteristics"are"summarised"in"Table"6.1."
Table!6.1!Baseline!characteristics!(intention!to!treat)!
!
!
Parameter!
!
!
"
All!Patients!
!
Catheter!
Ablation!
(n=25)!
!
!
Surgical!
Ablation!
!!!!(n=26)!
!
!
!
pXvalue!
"
Age"(y)"
Mean"±"standard"deviation"
"
Sex,"n"(%)"
Male"
"
Duration"of"continuous"AF"(months)""
Median"(IQR)"
"
"
Left"atrial"volume"O"index"BSA"(ml/m2)"
Mean"±"standard"deviation"
"
Left"ventricular"ejection"fraction"(%)"
Mean"±"standard"deviation"
"
CoXmorbidities!/!CV!Risk!Factors!
"
Coronary"artery"disease"n"(%)"
Cerebrovascular"disease"n"(%)"
Valvular"heart"disease,"n"(%)"
Hypertension,"n"(%)"
Dyslipidaemia,"n"(%)"
Diabetes"Mellitus,"n"(%)"
"
Smoking"History"
"
CHA2DS2OVASc"score"
"
"
65±10"
"
"
34"(67)"
"
"
22"(16,30)"
"
"
59.4±14.8"
"
"
59.2±9.5"
"
"
"
"
10"(20)"
4"(8)"
0"(0)"
33"(65)"
13"(26)"
5"(10)"
"
27"(53)"
"
2"(1,3)"
"
"
67±11"
"
"
17"(68)"
"
"
18"(15,28)"
"
"
60.0±15.7"
"
"
60.9±9.9"
"
"
"
"
7"(28)"
2"(8.0)"
0"(0)"
20"(80)"
6"(24)"
1"(4)"
"
12"(48)"
"
3"(1,3)"
"
"
"
64±9"
"
"
17"(65)"
"
"
24"(18,30)"
"
"
58.8±14.1"
"
"
57.5±8.9"
"
"
"
"
3"(12)"
2"(8)"
0"(0)"
13"(50)"
7"(27)"
4"(15)"
"
15"(58)"
"
1.5"(1,3)"
"
"
0.20"
"
"
0.84"
"
"
0.04"
"
"
0.77"
"
"
0.21"
"
"
"
"
0.14"
1"
O"
0.03"
0.81"
0.35"
"
0.49"
"
0.16"
"
"
!
!
!
!
!
!
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6.4.1!Procedural!results!
The" mean" surgical" ablation" procedural" time" was" 242±64" vs." 259±70" mins" in" the" catheter"
ablation" group" (p=0.43)." Acute" procedural" success" was" achieved" in" 22/26" (85%)" surgical"
ablation"patients,"compared"with"24/25"(96%)"of"all"catheter"ablation"patients"(p=0.97)."There"
were"no"procedural"deaths," strokes"or"conversion" to"sternotomy" in" the"surgical"or"catheter"
ablation"group." Inpatient" stay" for" surgical"patients"was"7.4±3"vs."4.1±3"days" in" the"catheter"
ablation"group"(p<0.001).""
6.4.2!Catheter!ablation!
6.4.2.1!Index!procedure!
25"patients"chose"to"undergo"catheter"ablation."The"mean"catheter"ablation"procedural"time"
was" 259±70"minutes" and" fluoroscopy" time"was" 49±17"minutes." Total" RF" ablation" time"was"
54±15"minutes"which" incorporated:"PVI"RF" time"of" 26±10"minutes;" roof"RF" time"of" 208±86"
seconds" (additional" 447±368" seconds" of" roof" RF" ablation" required" in" 2" patients" to" achieve"
bidirectional" block" post" DC" cardioversion);" 290±143" seconds" ablation" at" the"mitral" isthmus"
(additional" 595±508" seconds" in" 16" patients" requiring" additional" ablation" to" achieve"
bidirectional" block" post" DC" cardioversion);" and" 597±384" seconds" of" ablation" of" CFE" in" the"
20/25" (80%)" patients" who" remained" in" AF" after" linear" lesion" deployment." All" 25" (100%)"
patients"had"biOdirectional"block"of"the"LPV,"RPV,"roof"and"mitral"isthmus"lines"at"the"end"of"
the"procedure."
IntraOprocedural" termination"of"AF" (defined"as" termination" to"SR"without"DC"cardioversion)"
occurred"in"6/25"(24%)"patients."In"2"patients,"direct"termination"to"SR"occurred"at"the"end"of"
the" roof" linear" lesion." In" 2" patients," termination" to" SR" occurred" during" directOtargeted" CFE"
!!
177!
ablation"with"subsequent"ablation"of" focal" (micro"reOentrant)" right"atrial" tachycardia" (AT)" to"
SR."In"the"final"2"patients,"AF"terminated"to"AT"during"CFE"ablation"with"focal"ablation"at"the"
coronary"sinus"ostium"which"terminated"to"SR.""
7/25"(28%)"patients"underwent"DC"cardioversion"within"the"3"months’"blanking"period,"with"3"
of" these"patients" remaining"atrial"arrhythmia" free"at"9"months"after"a"single"procedure" (off"
AAD)." 
6.4.2.2!Redo!procedure"
The" rigorous" followOup" schedule" followed" the" 3"months’" blanking" period," during" which" 14"
(56%)"patients"had"a" recurrence"of" atrial" arrhythmia,"12"of"whom" (48%)"underwent"a" redo"
catheter"ablation" for" recurrent" symptomatic"atrial"arrhythmias."Of" these"patients,"7"had"AT"
whilst"5"had"AF."Of"the"patients"who"did"not"have"a"redo"procedure,"one"had"had"a"recurrence"
of" AF" but" had" suffered" a" primary" intracerebral" event" at" day" 60" precluding" redo" ablation,"
whilst" the" other" had" a" low" burden" of" minimal" symptomatic" atrial" arrhythmias" (16%" at" 3"
months,"<10%"at"6"months,"<6%"at"9"months"and"<1%"at"12"months,"with"data"derived"from"a"
dual" chamber" pacemaker" implanted" for" sinoOatrial" disease" post" index" ablation)." The"mean"
time" to" occurrence" of" the" first" arrhythmia" in" these" 14" patients" was" 113" (CI" 91O135)" days"
(median"96,"IQR"92O160)." 
6.4.3!Surgical!ablation!
26" patients" chose" to" undergo" surgical" ablation." The" total" surgical" procedure" duration" was"
242±64"mins."The"right"PVs"had"8.3±2.5"clamp"applications"with"a"total"148.0±"61.2"secs"of"RF"
ablation." The" left" PVs" had" 7.8±3.6" clamp" applications" with" a" total" 127.9±56.3" secs" of" RF"
ablation." " Post" PVI" GP"mapping"was" positive" in" 22/26" (85%)" of" patients"with" 14.1±11.2" RF"
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applications," and" a" total" of" 212.5±179.7" secs" of" RF" during" GP" ablation." Post" GP" ablation"
mapping" was" negative" in" 23/26" (88%)" of" patients," with" the" remaining" patient" requiring"
further"RF"at"already"ablated"GP"sites"to"abolish"the"autonomic"response."The"superior"(linear"
lesion)" line" connecting" the" contralateral" superior" PVs" had" 34.3±23.1" RF" applications"with" a"
total" of" 540.8±487.5" secs" of" ablation,"whilst" the" inferior" (linear" lesion)" line" connecting" the"
contralateral" inferior"PVs"had"38.8±27.6"RF"applications"with"a" total"of"628.0±490.6" secs"of"
ablation.""The"first"ten"surgical"patients"did"not"have"LAA"exclusion"(this"was"a"safety"measure"
imposed"by"the"RB&HFT"Clinical"Practice"Committee)."""
Acute"procedural"success"was"achieved"in"22/26"(85%)"patients,"with"one"patient"terminating"
directly" to" SR" during" superior" line" ablation." Entrance" block" for" both" RPV" and" LPV" was"
demonstrated" in" 24/26" (92%)," and" 20/26" (77%)" patients" had" exit" block" of" the" PVs" and" the"
posterior"wall"box"lesion"demonstrated"post"successful"DC"cardioversion"to"SR."2"patients"did"
not"have"exit"block" in" the"posterior"wall"box" lesion,"and"although"the"equipment"precluded"
electrophysiological"testing"to"localise"the"‘ablation"gap’"precisely,"as"in"endocardial"ablation,"
visual"assessment"of"the"ablation"lesions"directed"further"‘topOup’"ablation"to"the"junction"of"
the"superior"line"and"PVI"line"of"the"LSPV"in"one"patient;"whilst"in"another,"there"was"further"
‘topOup’" ablation"at"both" superior" and" inferior" line" resulting" in" exit" block"of" the"box" lesion."
Two"further"patients"had"entrance"block"of"both"LPV"and"RPV"(shown"on"surgical"pen"and"EP"
catheter" testing)," but" were" subsequently" refractory" to" DCCV" and" consequently" exit" block"
testing"of" the"PVs" and" the"posterior"wall" box" lesion" could"not" be" conducted."One"of" these"
patients"reverted"to"SR"just"after"wound"closure,"whilst"the"other"remained"in"AF"throughout"
the"12"months’" followOup"period,"despite"a"further"catheter"ablation"procedure"where"once"
again"the"patient"was"refractory"to"multiple"attempts"of"both"external"and"internal"DCCV."The"
other" patient" repeatedly" went" into" pacingOinduced" paroxysmal" AT" precluding" exit" block"
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testing" of" the" PVs" and" the" box" lesion," but" DCCV" at" the" end" of" the" procedure" after"wound"
closure"achieved"SR.!
8"(31%)"patients"underwent"DC"cardioversion"within"the"3"months’"blanking"period."5"of"these"
patients"remained"atrial"arrhythmia"free"at"9"months"after"a"single"procedure"(off"AAD).""
!
6.4.3.1!Intraoperative!testing!of!conduction!block!
In" order" to" ensure" robust" assessment" of" conduction" block" of" surgical" lesion" sets," both" the"
multifunctional"surgical"ablation"and"pacing"pen"and"the"20"pole"multielectrode"EP"catheter"
was"used"to"test"for"conduction"block"(figure"6.2)."
Due" to" technical" challenges" in" positioning," it" was" not" possible" to" use" the" EP" catheter" for"
entrance" block" testing" for" ipsilateral" PVs" in" 2" patients," and" box" lesion" testing" in" 2" further"
patients." Of" the" 22" patients"who" had" both" surgical" and" EP" catheter" testing" for" conduction"
block," 3" patients" were" found" to" have" PV" connections" on" the" EP" catheter" post" PV" clamp"
isolation" deemed" to" be" isolated" on" surgical" pen" testing." Therefore," EP" catheter" testing"
prompted"further"ablation"to"achieve"conduction"block"in"14%"(3/22)"of"patients."
"
"
"
"
"
"
"
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"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
Figure!6.2!Surgical!intraoperative!conduction!testing!
Each'strip'shows'the'surface'ECG'on'the'top'with'either'the'sensing/pacing'strip'below.'
A'='Baseline' sensing'of' the'RPV'antrum,'B'='Post'PVI' sensing'of' the'RPV'antrum'–'entrance'block,'C'='Pacing'
within'the'posterior'wall'box'lesion'without'capture'of'the'atrium'4'exit'block,'D'='Pacing'PV'side'of'the'PVI'line'
on'RPV'antrum'without'capture'of'the'atrium'4'exit'block.'
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6.4.3.2!Redo!procedure"
During" the" rigorous" followOup" period," which" followed" the" 3"months’" blanking" period," 5/26"
(19%)" patients" had" a" recurrence" of" atrial" arrhythmias," of" whom" 3/26" (12%)" patients"
underwent"a" redo"catheter"ablation" for" recurrent"symptomatic"AF."One"patient"had"several"
(mildly"symptomatic)"short" runs"of"paroxysmal"AT"and"AF" lasting" less" than"1"minute,"but"as"
the"overall"arrhythmia"burden"was"very"low,"the"patient"was"managed"conservatively"without"
the"addition"of"AADs."Another"patient"had"a"recurrence"of"AF"at"3"months"but"did"not"wish"to"
have" another" interventional" ablation" procedure." In" the" 3" patients" who" had" redo" catheter"
ablation,"all"had"AF"as"recurrence,"and"no"gaps"were"found"in"the"surgical"lesion"set"except"for"
in" 1" patient"where" there"was" an" unblocked" superior" line." Furthermore," in" these" 3" patients"
despite"additional"catheter"based"ablation" including"CFE"ablation"and"the"addition"of"mitral"
isthmus"and"cavotricuspid"linear"lesions,"2"patients"went"on"to"have"a"recurrence"of"AF."The"
mean"time"to"occurrence"of"the"first"arrhythmia"in"these"5"patients"was"128"days"(CI"66O190)"
(median"95,"IQR"90O180)." 
6.4.4!FollowXUp!
The"mean"followOup"duration"was"8.8±0.5"months."There"were"no"deaths"during"the"followO
up." Of" the" whole" study" population," only" one" patient" (catheter" ablation" group)" could" not"
attend" for" followOup" due" to" having" a" primary" intracerebral" event" in" the" context" of"
supratherapeutic" INR" levels" within" the" 3" months’" blanking" period" (day" 60)." The" patient"
remained"as"an"inpatient"for"a"number"of"weeks"and"had"documented"recurrence"of"AF"after"
the"blanking"period."Due"to"the"residual"neurological"deficit,"the"patient"was"unable"to"attend"
followOup," but" failed" the" primary" outcome" as" it" had" been" documented" that" the" patient"
remained"in"AF"and"was"treated"with"anticoagulation"and"a"rate"control"strategy."
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6.5!Primary!and!secondary!endXpoint!results!
6.5.1! Primary!endXpoint!
Freedom"from"atrial"arrhythmia,"off"AADs,"after"a"single"procedure"at"9"months"occurred"in"
21/26" (81%)" of" patients" in" surgical" ablation" groups," versus" 11/25" (44%)" patients" in" the"
catheter"ablation"group" (p=0.007)." SubOanalysis"of" the" surgical" group"with"and"without" LAA"
exclusion"showed"no"significant"difference"in"primary"outcome"at"9"months"[79%"(11/14)"vs."
80%"(8/10);"p"="0.94]"respectively."
6.5.1.1!Survival!analysis!
As"per"intentionOtoOtreat,"KaplanOMeier"survival"analysis"from"a"single"ablation"procedure"off"
antiarrhythmic" drugs" was" conducted" for" the" two" groups." The" 9" months’" (270" days)"
arrhythmiaOfree"survival"was"81%"in"the"surgical"ablation"groups"versus"42%"in"the"catheter"
ablation"group."The"survival"curves"were"significantly"different"between"the"two"groups;"logO
rank"(MantelOCox"test)"p=0.006"(Figure"6.3).""
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!
Figure!6.3!Freedom!from!atrial!arrhythmias!(single!procedure)!at!9!months!(270!days)!
Surgical' versus' catheter' ablation' single' procedure' Kaplan4Meier' curves' of' atrial' arrhythmia4free' survival' off'
AAD.'Note' success' is' defined' as' freedom' from' atrial' arrhythmia' after' a' 3'months’' blanking' period.' The' two'
survival'curves'were'compared'using'the'log4rank'(Mantel4Cox)'test.'
"
6.5.2!Secondary!endXpoints!
6.5.2.1!MultiXprocedure!success!
Freedom"from"atrial"arrhythmia,"off"AADs,"after"multipleOprocedures"at"9"months"occurred"in"
21/26" (81%)" of" patients" in" surgical" ablation" groups" versus" 15/25" (60%)" patients" in" the"
catheter" ablation" group" (p=0.10)." The"mean" number" of" procedures" in" the" surgical" ablation"
group"was"1.04±0.34,"and"1.44±0.51"in"the"catheter"ablation"group.!
The"use"of"AADs"was" limited" to"only"3"patients" in" the"catheter"ablation"arm,"who"had"very"
advanced" substrates" based" on" electrophysiological" findings" at" the" index" catheter" ablation"
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procedure," and" despite" undergoing" two" procedures," required" AAD" usage" (amiodarone)" to"
minimise"the"subsequent"atrial"arrhythmia"burden.""
6.5.2.2!Clinical!(partial)!success!
Clinical"success,"as"defined"by"a"75%"or"greater"reduction"in"AF"burden"(number"and"duration"
of"AF"episodes)"with"or"without"AADs,"after"a"single"procedure"at"9"months,"occurred"in"23/26"
(88%)"of"patients"in"surgical"ablation"group,"vs."17/25"(68%)"patients"in"the"catheter"ablation"
group"(p=0.07)."!
6.5.2.3!Serious!adverse!events!
There" were" no" serious" adverse" events" (stroke," MI," emergency" surgery" or" death)" in" either"
group."
6.5.2.4!Major!procedural!complications!
In" the" surgical" group," eight" major" complications" occurred" in" 7/26" patients" (31%)" postO
operatively," compared"with" two"major" complications" in" 2/25" (8%)" patients" in" the" catheter"
ablation"group"(p=0.04)"(Table"6.2)."""
Each"of"the"complications"with"the"number"of"days"postOintervention"are"given"below:!
Surgical!Group!
In"the"surgical"ablation"group,"the"adverse"events"reported"at"patient"level"were"as"follows:"
•! One" patient" had" a" large" rightOsided" pleural" effusion," which" required" admission" for"
drainage"(day"42);"
•! One"patient"had"a"hospitalOacquired"pneumonia"(HAP)"and"also,"in"addition,"significant"
symptomatic" (breathlessness)"and" left"upper"and" left" lower"pulmonary"vein" stenosis"
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(greater"than"70%)."The"symptoms"were"necessitating"PV"angioplasty,"which"was"only"
successful" in"the"left" lower"PV,"with"full"resolution"of"symptoms"(day"4"and"then"day"
90);"
•! One"patient"had"right"phrenic"nerve"paralysis"(day"14);"
•! One"patient"had"HAP"(day"14);"
•! Two"further"patients"had"significant"PV"stenosis"of"the"left"lower"PV,"but"neither"was"
symptomatic"and"hence"did"not"require"intervention"(both"day"90);"
•! One"patient"had"evidence"of"left"phrenic"nerve"damage"(day"94)."
"
Catheter!Group!
In"the"catheter"ablation"group,"the"adverse"events"reported"at"patient"level"were"as"follows:"
•! One" patient" had" asymptomatic" left" lower" PV" stenosis" (day" 90)," whilst" another" was"
admitted"to"hospital"shortly"after"discharge"with"pulmonary"oedema"(day"2).""
"
Over" the" course" of" the" 9" months’" followOup," the" only" other" adverse" event" to" note" was" a"
primary" intraOcerebral" haemorrhage" in" a" patient" 60" days" post" index" procedure." The" event"
occurred" in" the"context"of" initial"admission"to"hospital"with"unidentified"source"of" infection"
and" supraOtherapeutic" INR." The" atypical" presentation" raised" the" possibility" of" atrioO
oesophageal" fistula" and" this" was" examined" in" detail" by" a" multiOdisciplinary" team" using"
multiple" imaging" modalities," but" ultimately" proved" inconclusive." This" complication" was"
adjudicated"to"be"unrelated"to"the"index"catheter"ablation"procedure."
"
"
"
!!
186!
Table!6.2!Major!complications!in!catheter!and!surgical!ablation!groups!!
"
"
Major!Complications"
"
"
!!!!Catheter!"
(n=25)"
"
"
"
"
Surgical!"
(n=26)"
"
"
"
"
"
pXvalue"
Pneumonia"
"
O"
"
2"
"
"
"
"
Pleural"effusion" O" 1" "
Pulmonary"vein"stenosis" 1"
"
3"
"
Phrenic"nerve"palsy" O"
"
2"
"
"
"
Vascular"access"complications" O"
"
O"
" "
"
Acute"pulmonary"oedema"
"
1"
"
O"
" "
"
Cardiac"tamponade"
"
O"
"
O"
"
Sternotomy"for"complication"
"
O" O"
Stroke"
"
O" O"
Death"
"
O"
"
O"
" "
Total!
!
2!(8.0%)! 8!(30.7%)!
!
p=0.04!
!
Composite!EndXpoint!for!Major!Adverse!Clinical!Events!
!
Figure!6.4!MACEXfree!survival!by!treatment!group!
Surgical'versus'catheter'ablation'single'procedure'Kaplan4Meier'curves'of'Major'Adverse'Clinical'Event'(MACE'4
free'survival.'The'two'survival'curves'were'compared'using'the'log4rank'(Mantel4Cox)'test.!
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6.5.2.5!Change!in!AF!symptom!score!
Figure"6.5"shows"the"baseline"distribution"of"AF"symptom"scores"between"the"catheter"and"
surgical"group,"which"were"not"significantly"different"(p=0.30)."The"median"AF"symptom"score"
in"the"catheter"ablation"group"was"3"with"2"outliers,"and"in"the"surgical"group"3"(2.5,3).""
Figure" 6.6" shows" the" change" in" AF" symptom" score" between" 0" and" 9"months." There"was" a"
median" reduction" of" 2" [2,1]" in" both" groups" and" again" the" distribution" of" the" change" in" AF"
symptom"scores"was"not"significantly"different"between"the"2"groups"(p=0.87)."
!
Figure!6.5!Baseline!AF!Symptom!Score!by!treatment!group!
Visual'representation'of'baseline'AF'symptom'scores' in'each'group,'using'box'plots.'Boxplots'splits'the'data'
into'quartiles.'The'"box"'extends'from'the'first'quartile'(Q1)'to'the'third'quartile'(Q3)'and'hence'represents'the'
interquartile'range.'Within'the'box,'a'vertical'line'is'drawn'at'the'Q2,'which'represents'the'median'of'the'data'
set.'
"
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!
Figure!6.6!Change!in!AF!Symptom!Score!by!treatment!group!
Visual'representation'of'change'in'AF'symptom'scores'in'each'group,'using'box'plots.''
!
6.5.2.6!Change!in!SFX36!quality!of!life!score!
The"SFO36"quality"of" life" (QoL)"questionnaires"were"obtained" from"all"51"patients" (100%)"at"
baseline," and" 48" (94%)" patients" at" 9" months’" followOup." The" scores" for" baseline" and" at" 9"
months"are"shown"side"by"side"in"Figure"6.7."
Figure"6.8"shows"that"at"baseline,"there"was"no"difference"in"the"distribution"of"each"of"the"10"
QoL"domain"scores"between"the"two"groups.""
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"
Figure!6.7!SFX36!QoL!scores!at!baseline!and!9!months!by!treatment!group!
SF436'quality'of'life'scores'at'baseline'and'9'months’'follow4up'comparing'surgical'versus'catheter'ablation.'''
"
"
"
"
 
!
Figure!6.8!Baseline!distributions!of!scores!for!all!10!domains!of!SFX36!QoL!questionnaire!by!
treatment!group!
Visual' representation' of' baseline' distribution' scores' for' all' 10' components' of' SF' 36' QoL' questionnaire' by'
treatment'group'using'box'plots.'
'
"
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Figure"6.7"visually"shows"an"increase"in"QoL"in"7/10"domains"in"the"catheter"group"and"8/10"
domains" in"the"surgical"group."This"was"examined"in"more"detail" in"Figure"6.8,"which"shows"
box"plot"representation"of"the"change"in"the"QoL"SFO36"score"between"baseline"and"9"months."
The"amount"of"change"was"significantly"higher"in"the"surgical"group"when"compared"with"the"
catheter"group"in"3"out"of"the"10"domains;"general"health"(GH),"vitality"(VT)"and"MCS"(mental"
component"score)."This"shows"that"the"surgical"group"fared"better"from"the"QoL"perspective"
in"these"3"health"domains"with"equivalence"in"the"other"7"domains.!
!
Figure!6.9!Change!in!scores!for!all!10!domains!of!SFX36!QoL!questionnaire!by!treatment!group!
Visual'representation'of'absolute'change'in'scores'for'all'10'components'of'SF'36'QoL'questionnaire'
by'treatment'group'using'box'plots.'P'values'indicate'comparison'of'change'between'the'two'groups.''
"
"
Figure"6.10"and"6.11"shows"the"surgical"and"the"catheter"intragroup"analysis"at"9"months."In"
the"surgical"group"there"were"significant"increases"in"QoL"in"9/10"domains"(when"compared"
to"baseline)"compared"with"only"2/10"QoL"domains"in"the"catheter"group."
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!
Figure!6.10!Change!in!scores!for!all!10!components!of!SFX36!QoL!questionnaire!for!surgical!group!
Visual'representation'of'absolute'change'in'scores'for'all'10'components'of'SF436'QoL'questionnaire,'with'p4
values'indicating'comparison'of'change'to'baseline'value.'
!
!
Figure!6.11!Change!in!scores!for!all!10!components!of!SFX36!QoL!questionnaire!for!catheter!group!
Visual'representation'of'absolute'change'in'scores'for'all'10'components'of'SF436'QoL'questionnaire,'with'p4
values'indicating'comparison'of'change'to'baseline'value.'
!
!
!
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6.5.2.7!Change!in!atrial!and!ventricular!dimensions!
See"Chapter"4."
!
6.6!AsXtreated!analysis!!
2"patients"who"had"chosen"surgical"ablation"had"their"surgical"intervention"abandoned"at"an"
early"stage"in"the"procedure"due"to"anatomical"abnormalities"leading"to"significant"technical"
challenges."The"risk"was"deemed"too"high"for"the"surgeon"to"continue,"and"therefore"these"2"
patients"crossed"over"to"the"catheter"ablation"group."All"of"the"analyses"thus"far"have"been"as"
per"‘intention"to"treat’."
However,"to"assess"the"true"efficacy"of"the"procedures"as"received"by"patients"an"‘asOtreated’"
analyses" was" also" conducted" for" rhythm" and"major" complications" outcomes" and" is" shown"
below.!
6.6.1!‘AsXtreated’!X!Primary!endXpoint!"
Freedom"from"atrial"arrhythmia,"off"AADs,"after"a"single"procedure"at"9"months"occurred"in"
19/24" (79%)" of" patients" in" surgical" ablation" groups," versus" 13/27" (48%)" patients" in" the"
catheter"ablation"group"(p=0.02)."
6.6.2!‘AsXtreated’!X!MultiXprocedure!success!!
Freedom"from"atrial"arrhythmia,"off"AADs,"after"multipleOprocedures"(1.03±0.35)"at"9"months"
occurred"in"19/24"(79%)"of"patients"in"surgical"ablation"groups"versus"17/27"(63%)"patients"in"
the"catheter"ablation"group"(p=0.20).!
!
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6.6.3!‘AsXtreated’!X!Clinical!(partial)!success!
Clinical"success,"as"defined"by"a"75%"or"greater"reduction"in"AF"burden"(number"and"duration"
of"AF"episodes)"with"or"without"AADs,"after"a"single"procedure"at"9"months,"occurred"in"21/24"
(88%)"of"patients"in"surgical"ablation"group,"vs."19/27"(70%)"patients"in"the"catheter"ablation"
group"(p=0.14)."!
6.6.4!‘AsXtreated’!X!Major!procedural!complications!
In" the" surgical" group," eight" major" complications" occurred" in" 7/24" patients" (33%)" postO
operatively," compared"with" two"major" complications" in" 2/27" (7%)" patients" in" the" catheter"
ablation"group"(p=0.04)"(see"table"5.2).""2"patients"who"had"chosen"surgical"ablation"had"their"
surgical" intervention" abandoned" at" an" early" stage" in" the" procedure" due" to" anatomical"
abnormalities"leading"to"significant"technical"challenges."The"risk"was"deemed"too"high"for"the"
surgeon" to" continue," and" therefore" these" 2" patients" crossed" over" to" the" catheter" ablation"
group"and"the"primary"rhythm"outcome"was"analysed"as"per"intention"to"treat."!
6.7!Discussion!
See"Chapter"7"for"discussion"of"the"CASAOAF"trial"results."
"!
!
!
!
!
!
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Chapter!7!
Discussion!
!
"
7.1!Introduction!
Atrial"fibrillation"(AF)"can"be"symptomatically"debilitating"and"can"cause"significant"morbidity"
and" mortality." The" worldwide" incidence" is" growing" fast" with" data" from" a" recent"
epidemiological" survey" in"2010"showing" that"at" least"30"million"people"worldwide"currently"
suffer"with"this"arrhythmia,"with"another"5"million"newly"diagnosed"cases"every"year.5"If"one"
also"considers"that"many"people"with"AF"are"yet"undiagnosed,"the"scale"of"the"problem"can"
only"be"even"greater.188"189"Although"a"relatively"simple"diagnosis"to"make,"the"complexity"of"
the"aetiology"and"management"of"AF"has"demanded"extensive"research"in"an"attempt"to"treat"
and"cure"this"challenging"condition.""
Long"standing"persistent"atrial"fibrillation"(LSPAF)"is"not"only"the"least"studied"category"of"AF,"
but" also" the" hardest" to" treat" effectively." There" are" no" epidemiological" estimates" as" to" the"
proportion"of"AF"that"constitutes"LSPAF."Whilst"single"procedure"success"rates"after"catheter"
ablation"in"paroxysmal"AF"rates"are"consistently"high,"in"LSPAF"they"remain"suboptimal,"with"
previous"studies"showing"success"of"27%"at"40"months"or'32%"at"just"over"12"months’"followO
up.40" 41" It" is," therefore," conventional" practice" for" electrophysiologists" to" counsel" patients"
embarking"on"an"interventional"strategy"of"the"likely"success"rates"and"the"potential"need"for"
multiple" procedures" to" improve" the" overall" success." Despite" the"modest" figures" quoted" to"
patients,"many"patients"remain"keen"to"embark"on"this"‘journey’"in"the"hope"of"attaining"SR."It"
is"this"suboptimal"efficacy"in"nonOparoxysmal"AF"that"has"been"the"driver"for"research"in"this"
area"and"underpins"the"rationale"for"the"CASAOAF"study"design."
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In" the" late" 1990s," at" around" the" time" of" Haissaguerre’s" seminal" findings" documenting" the"
importance"of"PV"triggers"in"AF,"the"original"cutOandOsew"surgical"CoxOMazeOIII"procedure"was"
already" declining" in" popularity." Although" efficacious," its" highly" invasive" nature," technical"
complexity" and" significant" complication" rates" made" it" increasingly" difficult" to" justify" for"
patients" requiring" stand" alone" intervention" for" AF." However," the" last" decade" has" seen" a"
steady" resurgence" in" surgical" AF" ablation" procedures." Thoracoscopic" surgical" AF" ablation"
(using"a"miniOthoracotomy)"was" first" described" in"2005," followed"by"a" totally" thoracoscopic"
approach"in"2008."72"190"In"late"2012,"the"FAST"study"was"published,"a"landmark"trial,"as"it"was"
the"first"headOtoOhead"study"of"thoracoscopic"surgical"ablation"with"catheter"ablation"albeit"in"
a" mixed" cohort" of" AF" patients." The" results" showed" surgical" superiority" with" respect" to"
freedom"from"AF,"offset"by"a"higher"complication"rate."81"
Early"thoracoscopic"surgical"data"came"from"small"series,"and"had"shown"that"results"matched"
that"of"catheter"ablation"for"PAF,"but"were"more"promising"in"nonOparoxysmal"AF."At"the"time"
of" the" CASAOAF" study" inception" in" late" 2010," there" had" not" yet" been" a" headOtoOhead"
comparison.77" 78" From" both" electrophysiological" and" patient" perspectives," when" given" the"
choice"between"catheter"and"thoracoscopic"ablation,"those"with"paroxysmal"AF"will"typically"
choose" the" least" invasive" option" when" outcomes" are" equivalent." The" CASAOAF" study"
investigators"felt"that"the"most"logical"(and"justifiable)"group"in"which"to"study"an"alternative"
ablation"strategy"was"patients"with"LSPAF,"who"were"more"likely"to"consider"a"more"invasive"
technique,"particularly" if" it"were" to"provide" improved"single"procedure"outcomes."CASAOAF,"
albeit"nonOrandomised,"was"therefore"designed"to"compare"these"two"modalities"of"ablation"
in"a" thorough"and" robust"manner."Only"de"novo" LSPAF"patients"were" studied," as" too"often"
surgical"ablation"studies"recruit"patients"who"have"previously"failed"catheter"ablation,"which"
confounds" the" true" outcome." The" index" procedure" lesion" sets" were" chosen" to" allow"
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comparison" (as" far"as"possible"given" the"different"approaches)"between" the" two"modalities"
with" patients" following" a" standardised" followOup" schedule" post" index" procedure." Despite"
predating"the"2012"Heart"Rhythm"Society,"European"Heart"Rhythm"Association"and"European"
Cardiac" Arrhythmia" Society" (2012" HRS/EHRA/ECAS)" international" consensus" document" and"
the" aforementioned" FAST" study," the" study" design" addressed" many" of" the" consensus"
document"recommendations"for"AF"study"design,"as"described"in"Chapter"2,"and"indeed"some"
of"the"limitations"of"the"FAST"study."26"81""
"
7.2!CASAXAF!trial""
In"this"first,"prospective,"nonOrandomised,"headOtoOhead"study"in"LSPAF"alone,"a"thoracoscopic"
surgical"ablation"strategy"was"found"to"be"superior"to"catheter"ablation" in"the"primary"endO
point" of" single" procedure" freedom" from" atrial" arrhythmia" off" AAD" (p=0.007)," although" this"
was" offset" by" a" higher" rate" of" major" (nonOfatal)" complications" (p=0.04)." Despite" this," the"
surgical"ablation"group"also"had"greater"improvement"in"SFO36"QoL"scores"at"9"months.""
7.2.1!Primary!EndXpoint!
The"difference"in"the"primary"endOpoint"result"at"9"months"is"striking."Achieving"81%"success"
off" AADs" in" patients" where" the" mean" duration" of" continuous" AF" was" longer" than" in" the"
catheter" ablation" comparator" group" (24" vs." 18" months;" p=0.04)" is" impressive," and"
corroborates"surgical"data"from"Sirak"(retrospective"data)"and"Edgerton"(prospective"data).77"
78" It" is"worth"pointing"out" that" the"one"unifying" theme" in" the" surgical" lesions" sets" in" these"
studies"and"in"CASAOAF"is"the"inclusion"of"thorough"electrophysiological"validation"of"both"PVI"
and" linear"ablation" lesions," consolidating" the"need" for" substrate"modification" in"addition" to"
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PVI" in" nonOparoxysmal" patients." The" catheter" ablation" results," however," were" not" wholly"
surprising"and"were"in"keeping"with"previous"reports"in"LSPAF"patients.""
It"is"widely"accepted"that"the"longer"the"duration"of"AF,"the"more"advanced"and"complex"the"
atrial"substrate"will"be,"due"to"the"fact"atria"have"had"more"time"to"remodel"both"electrically"
and"anatomically.""The"lesion"sets"were"therefore"chosen"to"reflect"this"complex"substrate"in"
order"to"achieve"pulmonary"vein"isolation"(PVI),"substrate"modification"and"a"degree"of"parity"
to"allow"comparison"between"the"two"treatment"modalities,"despite"the"different"approach"
(endocardial" vs." epicardial)."With" this" in"mind," there"are" three"potential" reasons" that" could"
explain"this"stark"difference"in"outcome:"
!
1.! Epicardial"surgical"lesions"applied"under"direct"vision"are"more"contiguous,"transmural"
and"durable,"particularly"if"validated"conduction"block"is"demonstrated;"
2.! Ganglionated" plexi" ablation" has" a" significant" impact" upon" the" substrate" and" hence"
outcome;"
3.! LAA"exclusion"has"a"significant"impact"upon"the"substrate"and"hence"outcome."
"
In" addressing" the" first" point," rigorous" electrophysiological" validation" of" biOdirectional" block"
was"conducted"for"all" lesions"in"both"groups."In"the"catheter"ablation"group,"83%"(10/12)"of"
the"recurrences"of"AF/AT"had"documented"PV"reconnections"and"67%"(8/12)"had"one"or"more"
linear"lesions"unblocked"at"redo"catheter"ablation."Conversely,"only"five"surgical"patients"had"
a" recurrence," all" of" which" were" AF" only." Of" those," only" three" warranted" redo" catheter"
ablation," where" endocardial" assessment" of" the" index" surgical" lesions" showed" two" patients"
had"intact"PVI"and"posterior"wall"isolation"while"the"other"had"an"unblocked"superior"line."""
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Second," ganglionated" plexi" ablation"may" have" contributed" to" the" superior" outcome" in" the"
surgical" group." PVI" itself" transects" many" of" the" autonomic" ganglia" located" around" the" PV"
antrum,"but"92%"still"required"additional"targeted"ablation"of"GP"positive"sites"(commonly"at"
the" inferoOpostero"floor"region"close"to"the"coronary"sinus)"with"abolition"of" the"autonomic"
response" attained" in" 100%" of" these" patients.191" The" literature" has" been" controversial" with"
regards"to"GP"ablation,"in"part"because"data"has"shown"the"effects"of"GP"fat"pad"ablation"are"
not" durable,"with" reversal" of" autonomic" denervation" at" 4"weeks.69" A" surgical" review"paper"
from"La"Meir"et"al."questioned"the"value"of"GP"ablation,"as"studies"with"GP"ablation"had"lower"
success"rates"than"those"studies"without,"although"they"warned"that"the"studies"in"question"
were" small," and" that" more" GP" ablation" data" was" required.192" Although" it" is" difficult" to"
distinguish"what"effect"it"had"in"our"surgical"group,"the"importance"of"GP"ablation"should"not"
be"dismissed"and"needs"to"be"examined"in"detail"(see"7.6"Future"Directions)."
Third,"the"exclusion"of"the"LAA"may"have"contributed"to"the"improved"outcomes,"although"it"
should" be" noted" that" the" first" ten" surgical" patients" did" not" have" LAA" exclusion," and" subO
analysis"of"the"surgical"group"with"and"without"LAA"exclusion"showed"no"significant"difference"
in" primary"outcome"at" 9"months" [79%" (11/14)" vs." 80%" (8/10);" p="0.94]." Interestingly" there"
were"two"surgical"ablation"patients"that"did"not"have"the"LAA"excluded"who"went"onto"have"
redo"catheter"ablation."In"both"of"these"patients"the"entire"surgical"lesion"set"was"intact"and"
so"it" is"possible"that"these"recurrences"may"have"been"driven"by"a"LAA"source"although"this"
could"also"be"true"of"any"nonOPV"source."In"the"absence"of"any"data"to"support"that"the"LAA"
was"the"driver"in"these"cases,"these"are"merely"observations,"but"worth"considering"given"that"
LAA"has"been"shown"to"account"for"20%"of"the"drivers"in"nonOparoxysmal"AF.120"121"However,"
although"the"subgroup"analysis"showed"no"difference" in"outcome"between"the"two"groups,"
these"numbers"are"clearly"small"and"do"not"have"sufficient"power"to"detect"the"true"effect"of"
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LAA" exclusion," whilst" interpretation" of" subgroup" analyses" must" always" be" treated" with"
caution."
Overall," the" rate" of" recurrence" in" the" catheter" ablation" group," and" the" fact" that" surgical"
lesions"were"mostly"intact"in"those"that"required"a"restudy,"provides"compelling"evidence"that"
the" surgical" lesions" were" superior" in" terms" of" durability." Animal" and" clinical" studies" have"
previously" shown" that" that" the" bipolar" radioOfrequency" (RF)" clamp" and" the" linear" ablation"
device"are"able"to"create"robust"transmural" lesions.50O53"These"data"suggest"that"well"placed"
and" validated" surgical" lesions" are" more" durable," contiguous" and" permanent" than" those"
created" by" a" pointObyOpoint" catheter" approach." This" is" likely" to" account" for" the" significant"
difference"in"clinical"outcome."
7.2.2!Secondary!EndXpoints!
7.2.2.1!MultiXprocedure!success!
In" the" catheter" ablation" group," when"multiOprocedure" success" is" considered," there"was" an"
increase" in" success" from" 41%" to" 60%." In" the" four" patients" that" had" successful" redo"
procedures," the"mode"of" recurrence"was"symptomatic"AT" (with"one"patient"having"both"AT"
and"AF)."PV"reconnection"was"found"in"all"four"patients,"and"additionally"in"two"of"these,"an"
unblocked" linear" lesion"was" documented." ‘TopOup’" ablation" to" correct" these" reconnections"
and" gaps" led" to" freedom" from" arrhythmia." Once" again," this" highlights" the" shortcomings" of"
index"catheterORF"lesions"in"terms"of"durability."Contact"force"sensing"catheters"were"not"yet"
available" at" the" time"of" this" study," and"hence"were"not" used," but" this" new" technology"has"
shown" reduction" in" acute" PV" reconnections" which" may" translate" into" better" longer" term"
outcomes"by"achieving"permanent,"transmural"RF"lesions."187"
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For"the"three"surgical"ablation"patients"in"whom"there"was"a"recurrence"requiring"subsequent"
catheter" ablation," the" surgical" lesion" sets" were" intact" except" for" one" patient" with" an"
unblocked" superior" line." In" the" two" patients" where" the" surgical" lesions" were" fully" intact,"
despite" extensive" additional" ablation" at" the" second" sitting" (catheter" ablation" redo)," atrial"
arrhythmias" still" recurred"and" the"patients" failed" the"multiOprocedure" secondary" endOpoint."
This"suggests"that"in"these"patients,"the"atrial"substrate"was"too"far"advanced"to"respond"to"
interventional"therapy."Identifying"these"refractory"patients"upfront"would"be"invaluable"but"
no"prediction"criterion"is"ever"likely"to"be"100%"accurate,"and"consequently"there"will"always"
be"a"certain"cohort"of"patients"who"will"be"refractory"to"interventional"therapy.""
7.2.2.2!Clinical!(partial)!success!
It" is" very" important" to" consider" this" aspect" of" the" study’s" success," as" there" is" a" significant"
cohort" of" patients" who," whilst" failing" to" achieve" the" stringent" criterion" of" arrhythmia"
recurrence" (>30" seconds" of" atrial" arrhythmia)," may" still" have" derived" enormous" clinical"
benefits" and" an" improved" quality" of" life." Indeed," the" 2012" HRS/EHRA/ECAS" consensus"
document"has"acknowledged"this"by"defining"clinical"success"as"a"75%"reduction"in"AF"burden,"
with"respect"to"either"number"or"duration"of"AF"episodes.26"
In"the"catheter"ablation"group,"the"clinical"success"criterion"after"a"single"procedure"captured"
an"additional"six"patients,"improving"the"outcome"to"68%."In"the"surgical"group"an"additional"
two"patients"were"included"who"had"had"only"minor"selfOlimiting"episodes"of"AF"(fewer"than"5"
minutes’" duration)," which" increased" the" clinical" success" rate" to" 88%." In" this" study," clinical"
success" was" assessed" with" 3Omonthly" 7Oday" ambulatory" recordings" as" per" the" followOup"
protocol," with" any" additional" symptomatic" recurrences" captured" on" an" emergency" 12Olead"
ECG."As"the"definition"of"clinical"or"partial"success"focusses"on"symptomatic"relief,"this"followO
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up"schedule"is"sufficient."For"a"fully"accurate"assessment"of"AF"burden,"a"continuous"recording"
from"a"device"such"as"an"implantable"loop"recorder"would"be"necessary."The"inclusion"of"this"
endOpoint" in" all" future" ablation" trials" would" be" a" welcome" development," although" it" does"
commit" patients" to" a" small" implantable" device." The" clinical" success" figures" have" particular"
relevance" to" patients" and" as" such" should" be" the" figures" used" when" counselling" patients"
contemplating"an"interventional"strategy.""
7.2.2.3!Major!complication!rates!
The"benefit"in"freedom"from"arrhythmia"derived"from"thoracoscopic"surgical"ablation"comes"
at"the"cost"of"a"higher"major"complication"rate."This" is" in" line"with"data"from"other"reports,"
including"a" recent" review"paper"which"highlighted" that" the" commonest" complications"were"
related"to"lung"issues,"phrenic"nerve"dysfunction"and"bleeding."81"192"
In" our" cohort," bleeding"was" not" an" issue," but" phrenic" nerve" dysfunction" occurred" in" three"
patients." This" was" not" due" to" direct" trauma," as" the" pericardiotomy" was" deliberately"
performed"4O5cm"anterior"to"the"nerve’s"course."It"was"felt"that"perhaps"indirect"trauma"via"
the"tension"from"the"pericardial"retraction"sutures"might"have"been"the"cause."In"latter"cases,"
this"tension"was"relaxed"and"subsequently"there"have"been"no"further"cases"of"phrenic"nerve"
dysfunction.""
The"other"complication"that"merits"discussion"was"the"four"cases"of"severe"PV"stenosis"(1"in"
the"catheter"ablation"group,"3" in" the" surgical"ablation"group)." In"both"catheter"and"surgical"
ablation," PVI" was" undertaken" at" the" PV" antrum" to" reduce" the" risk" of" PV" stenosis," and" to"
modify"more"of"the"atrial"substrate."In"the"catheter"ablation"case,"the"LLPV"was"affected"but"
as"the"patient"was"asymptomatic,"the"management"was"conservative."Examination"of"the"RF"
distribution"sites"for"this"catheter"ablation"PV"stenosis"case"showed"that"the"PVI"lesions"were"
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indeed" antrally" placed," although" there" were" a" few" lesions" within" the" PVI" line" at" sites"
necessary" to" achieve" PVI." It" is" possible" that" either" the" 3D" electroanatomical" map" was"
inaccurate," and" hence" the" true" ostium" of" the" PV" was" misjudged," or" the" patient" had" an"
idiosyncratic"(disproportionate)"reaction"to"nearby"ablation"lesions,"resulting"in"PV"stenosis."In"
the"surgical"ablation"group,"only"1"of"the"3"patients"with"PV"stenosis"was"symptomatic,"and"
required"intervention"by"PV"angioplasty."In"this"case,"both"the"LUPV"and"LLPV"had"stenosed,"
with" two" possible" reasons" for" this" occurrence" (Figure" 7.1)." First," there" were" anatomical"
difficulties" in" achieving" reasonable" contact" with" the" linear" ablation" pen" at" the" epicardial"
junction"of"left"PVI"line"and"the"superior"line."This"resulted"in"several"overlapping"lesions"being"
placed"at"this"site,"which"may"have"reached"the"ostium"of"the"PV."Second,"the"number"of"RF"
clamp"applications"(7)"at"this"site"may"have"been"excessive"for"this"patient."In"the"other"two"
patients,"again"the"only"viable"explanation"was"the"number"of"RF"clamp"applications,"which"
were"8"and"7."This" led"to"a"change"in"the"surgical"protocol,"with"a"target"of"3O5"overlapping"
applications"at"the"PV"antrum,"and"since"this"change"there"have"been"no"further"PV"stenoses."
Routine"screening"post"ablation"is"seldom"conducted,"with"active"investigation"for"PV"stenosis"
prompted"only"by"suggestive"symptoms."However,"patients"may"have"significant"PV"stenosis"
and" be" asymptomatic" and" the" prognostic" benefits" of" treatment" in" this" scenario" remain"
unknown.26" In" our" patients," symptoms" were" only" apparent" when" more" than" 1" PV" was"
stenosed," which" is" consistent" with" prior" data" from" other" studies," where" the" authors"
hypothesised" this"may"be"due"to"compensatory" ipsilateral"pulmonary"venous"and"therefore"
alveolar"drainage.193"194"This" study"highlights" the"benefit"of"preOand"postOimaging"via"MRI" in"
identifying"(symptomatic"and"asymptomatic)"PV"stenosis,"particularly"in"the"surgical"ablation"
group,"as"it"prompted"a"change"in"technique."It"seems"prudent"to"have"a"programme"of"preO"
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and" postOablation" imaging" whenever" a" new"modality" or" a" change" in" ablation" technique" is"
instituted,"to"assess"for"this"recognised"complication"of"AF"ablation.""
"
"
Figure!7.1!Example!of!left!pulmonary!vein!stenosis!post!thoracoscopic!surgical!ablation!
Pre4'and'post4ablation'MRI' images'showing'normal'calibre' left'upper'and' lower'pulmonary'veins'pre4ablation,'
followed'by'occlusion'of' the' left'upper'pulmonary'vein'and'severe' (>70%)'stenosis'of' the' left' lower'pulmonary'
vein.'
'
'
The"final"area"of"complications"was"from"the"lung,"which"is"often"a"byOproduct"of"the"double"
lumen" endotracheal" intubation" technique" used" in" thoracoscopic" surgical" procedures" that"
enable" selective" lung" ventilation." PostOoperative" pneumonia" and" atelectasis" are" not"
uncommon" sequelae" and" can" potentially" be" avoided" with" prophylactic" antibiotics" and"
meticulous"attention"to"postOoperative"pain"management"(to"facilitate"deep"inspiration)"and"
early"mobilisation"on"the"ward.""
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In" the" catheter" ablation" group," the" only" other" complication" of" note" was" that" of" acute"
pulmonary"oedema"within" 48"hours" of" discharge." This"was" in" the" context" of" preserved" left"
ventricular" systolic" function," and" was" likely" due" to" a" relative" excess" of" intraO" and" periO"
procedural" fluid" administration" for" the" patient’s" body"weight." The" patient"was" treated" and"
successfully"discharged"after"2"days"in"a"district"general"hospital."In"retrospect,"perhaps"closer"
monitoring"of"fluid"balance"in"the"immediate"post"ablation"phase"may"have"prevented"this"reO
admission.""
Finally,"it"is"important"to"note"that"despite"the"difference"in"major"complications"between"the"
two" groups," there" was" no" significant" difference" between" the"Major" Adverse" Clinical" Event"
(MACE)Ofree"survival"curves"(see"Figure"6.4)"(log"rank,"p=0.19)."This"highlights"the"key"point"of"
using"KaplanOMeier" for"analysis"as" it" focuses"on" the"entire" survival" curve" rather" than"MACE"
events" at" any" oneOtime" point." It" is" debatable" whether" survival" curves" are" of" clinical"
importance"in"this"context."
7.2.2.4!Intraoperative!testing!of!conduction!block!
In" this" study" two" tiers" of" conduction" block" testing" were" employed" for" the" thoracoscopic"
surgical" ablation" group." The" results"were" interesting" in" that" it" showed" that" the" addition" of"
testing" with" the" 20" pole" EP" catheter" for" entrance" block" of" the" PVs" and" the" box" lesion"
increased"the"pick"up"rate"of"acute"nonOisolated"lesions,"as"compared"with"the"multifunctional"
surgical" ablation" and" pacing" pen." An" additional" 3/22" patients" required" further" ablation" to"
isolate"lesions"that"were"deemed"blocked"by"the"multifunctional"surgical"ablation"and"pacing"
pen."This"is"clearly"important,"as"had"it"not"been"for"the"additional"EP"catheter"testing"these"3"
patients"(14%)"may"have"failed"the"primary"endOpoint."In"this"hypothetical"scenario"and"under"
the"intention"to"treat"analysis"the"thoracoscopic"surgical"success"rate"would"have"been"69%"
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(18/26)" vs." 44%" (11/25);" p=0.06." It" is" clear," therefore," that" if" surgical" testing" alone" is" to"be"
used" in" these"procedures" then"more"testing"at"various"regions"circumferentially"around"the"
PVs"must"be"undertaken"to"ensure"regional"areas"of"PV"conduction"are"identified"and"then"reO
isolated"with" further" RF" clamp" applications." Alternatively,"more" sophisticated" testing" using"
multipolar"EP"catheters"such"as"those"used"in"this"study"may"be"employed,"although"there"are"
inherent" technical" difficulties" in" positioning" these" catheters" to" ensure" full" circumferential"
coverage"around"the"PV"antrum."
7.2.2.5!Quality!of!life!scores!
The"analysis"of"quality"of" life" (QoL)"data" is"of"particular" importance"when"comparing"a"new"
technique" to" an" established" technique." The" increased" complication" rate" in" thoracoscopic"
surgical" ablation"would" intuitively" suggest" that" perhaps"QoL"measures"would" suffer" in" this"
group." However," intragroup" analysis" showed" that" the" surgical" patients" had" significant"
improvement" in" 9/10" QoL" domains" compared" with" baseline" (Figure" 6.10)." In" contrast" the"
catheter"group"showed"significant"improvement"in"only"2/10"QoL"domains."Furthermore,"the"
change" in"QoL"was"significantly"greater" in" the"surgical"group" for"general"health,"vitality"and"
mental"wellObeing."Despite"the"higher"rate"of"complications"in"surgical"ablation"the"net"impact"
on"QoL"was"positive."This" is"an" important"aspect"of"ablation" treatment" that"deserves" to"be"
highlighted,"as"ultimately"the"aim" is" to" improve"patients’"symptoms"and"hence"QoL."The"AF"
symptom" score,"which" is" a" 4Opoint" scale," in" this" study"was"not" sensitive" enough" to" show"a"
difference"in"change"in"score"between"the"two"groups."This"may"be"a"reflection"of"the"small"
sample"size"or"its"limitation"for"use"in"such"a"manner.""
!
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7.2.2.6!Reverse!remodelling!
The"MRI"subOstudy" is" important"as" it" is" the"first"prospective"study"to"show"that"LA"(and"RA)"
reverse" remodelling,"with" its" associated" improvement" in"biventricular" ejection" fraction," can"
occur"even" in"LSPAF"patients."The"only"prior"report"examining"reverse"remodelling" in"LSPAF"
used"LA"diameter"obtained"from"2D"MOmode"echocardiography"as"a"measure"of"LA"size,"and"
our"data"clearly"shows"this"correlates"poorly"with"actual"3D"LA"volume.155"
These" findings" challenge" the" notion" that" progressive" structural" remodelling" changes"
associated"with"LSPAF"are"irreversible."Furthermore,"the"baseline"LA"volume"has"been"shown"
to" be" an" independent" predictor" of" LA" reverse" remodelling" with" an" odds" ratio" of" 1.08,"
suggesting" that" the" higher" the" baseline" LAmax" volume," the" more" chance" of" reverse"
remodelling."Another" interesting"point" is" that"even" in" those"patients"who"have" recurrences"
post"ablation,"reverse"remodelling"still"occurs,"presumably"because"the"overall"burden"of"AF"
has"been"significantly"reduced.""
Given"that"there"are"studies"that"show"LA"size"as"an" important"predictor"of"arrhythmia"free"
outcome" post" ablation," many" patients" with" LSPAF" are" not" offered" interventional" therapy"
based"on"the"fact"their"baseline"LA"size"is"too"large"(often"using"LA"diameter"obtained"from"2D"
MOmode"echocardiography)."41"Perhaps"this" latter"practice"should"change"as"our"data"clearly"
shows" poor" correlation" of" this" parameter" with" LA" volume," although" atrial" volumes" may"
themselves"be" less" important,"as"our"study"showed"that"they"were"not"predictive"of"clinical"
success."This"raises"the"possibility"of"defining"the"geometric"aspects"of"atrial"enlargement"and"
whether"this"has"relevance"in"predicting"clinical"outcome."Overall,"the"clinical"implications"of"
these" findings,"however," are"more"profound"as" they" suggest" that" LSPAF"patients" should"be"
considered"for"ablation"therapy"irrespective"of"baseline"LA"size."Clearly,"if"these"patients"are"
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considered" for" ablation," they" will" be" still" be" counselled" to" the" possibility" of" multiple"
procedures"(particularly"with"catheter"ablation),"but"even"if"only"clinical"success"(see"chapter"
6.5.2.2)" is" obtained" this"may" be" enough" for" the" atria" to" reverse" remodel," and" hence" offer"
protection" from" future" arrhythmia" recurrences" and" confer" physiological" advantages" to" the"
patient.""
7.3!CFE!subXstudy""
The" CFE" subOstudy" brings" the" discussion" back" to" the" mechanistic" aspects" of" AF," and" the"
techniques" used" in" catheter" ablation" to" address" these." A" recent" 5" year" outcomes" paper" in"
LSPAF" showed" that" PVI" alone" achieved" long" term" SR" in" only" 24%" patients.31" There" is" now"
overwhelming"evidence"to"show"that"PVI"alone"is"not"sufficient,"and"that"additional"substrate"
modification"is"required,"and"consequently"numerous"adjunct"strategies"have"been"detailed."
These" include" linear" lesions" and" CFE" ablation," both" of" which" have" been" documented" to"
improve"outcomes.195"196"197"The"use"of"linear"ablation"in"catheter"ablation"originally"stemmed"
from" the" highly" efficacious" cutOandOsew" CoxOMaze" procedures," where" a" series" of" linear"
incisions"were"used" to" compartmentalise" and"debulk" the" atria." In" doing" so," it" is" postulated"
that"many"triggers"and"drivers"were"also"eliminated.""CFE"are"thought"to"arise"from"areas"of"
slow"conduction,"functional"conduction"block"or"tissue"anisotropy,"and"may"represent"passive"
bystander" activity" or" drivers" of" AF.33"198" The" elimination" of" CFE" remote" to" sites" of" PVI" and"
linear"lesion"RF"application"has"now"been"documented"in"this"and"other"studies,"including"in"
both" heart" failure" and" nonOheart" failure" models." These" consistent" observations" provide"
significant"evidence"that"these"abolished"CFE"are"passive"phenomena,"which"may"explain"the"
conflicting"results"seen"when"CFE"only"ablation"strategies"are"used"in"AF"ablation"procedures."
Furthermore,"the"CFE"subOstudy"showed"that"the" length"of"RF"time"during"CFE"ablation"was"
!!
209!
shown"to"predict"arrhythmia"free"survival."Therefore,"there"is" little"doubt"that"targeting"CFE"
are"important,"but"the"key"question"is"how"to"differentiate"accurately"between"those"CFE"that"
are"active"drivers,"and"those"that"are"passive."The"answer"is"that"it"is"currently"not"possible"to"
do" so," and" hence" this" remains" one" of" the"main" limitations" of" employing" CFE" ablation." The"
accurate" identification" of" functionally" important" CFE" would" enable" targeted" ablation" of"
drivers,"which"would"in"theory"improve"outcomes,"reduce"unnecessary"ablation"and"possibly"
reduce"procedure" times."An" exciting" development" in" this" area"has" been" the" computational"
mapping" and" subsequent" ablation" of" drivers," which" has" led" to" impressive" results" in" nonO
paroxysmal"forms"of"AF."This"work"is"in"its"infancy,"but"could"prove"to"be"revolutionary"if"the"
technique"is"reproducible"as"it"would"tailor"the"ablation"procedure"to"concentrate"on"patient"
specific" driver" mechanisms," and" in" doing" so" could" improve" outcomes" whilst" shortening"
procedure"times."
"
7.4!Contact!Force!study!
Despite"the"huge"advances"made"in"catheter"ablation"since"the"seminal"paper"by"Haissaguerre"
et" al." in" 1998," there" remains" one" fundamental" limitation," namely" PV" reconnection." This"
limitation"is"once"again"highlighted"by"the"CASAOAF"data,"where"in"all"catheter"ablation"repeat"
procedure" cases," PV" reconnections" ±" linear" lesion" conduction" recovery" was" found." The"
cornerstone"of"AF"ablation"may"well"be"PVI,"but"the"Achilles’"heel"remains"the"recurrence"of"
atrial"arrhythmias,"predominantly"due"to"a"recovery"in"PV"conduction.15"88"164"199"Over"the"last"
decade,"the"desire"to"overcome"this"and"hence"improve"outcomes"in"AF"ablation,"has"driven"
both"the"electrophysiological"community"and"industry"to"improve"both"tools"and"techniques"
to"enable" longer" lasting"RF"lesions."Developments"have"included;" irrigatedOtip"catheters;"the"
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use"of"general"anaesthesia"to"minimise"patient"movement"intraprocedurally;"use"of"steerable"
sheaths" to" help" maintain" better" contact" between" catheter" tipOtissue;" and" catheter" shaft"
visualisation."However,"these"developments"still"require"the"operator"to"use"a"combination"of"
surrogate" markers" (catheter" stability" on" fluoroscopy," impedance" drop," and" electrogram"
attenuation)" to" judge" appropriate" contact"with" the" endocardium." This"was" until" the" recent"
advent"of"contact"force"(CF)"sensing"catheters,"which"can"provide"the"operator"real"time"CF"
values"during"RF"ablation.""
"
The"CF"study"presented" in"Chapter"5"was"one"of" the" first" to"show"that" this"new"technology"
could"have"a"revolutionary"impact"in"AF"ablation."The"study"demonstrated"that"the"use"of"real"
time"CF"not"only"reduced"acute"PV"reconnections,"but"could"also"minimise"PV"reconnections"
at" known" hotspots" when" using" appropriate" CF." It" also" confirmed" that" if" operators" were"
blinded" to" CF" data," they" would" obtain" insufficient" CF" values" to" prevent" subsequent"
reconnection."More" recent"data" from"another" group"has" shown" that"one"of" the" commonly"
used"surrogates"of"CF,"electrogram"attenuation,"actually"correlates"poorly"with"CF,"although"
another" surrogate," impedance" drop," fared" better.200" Overall" these" data" highlight" the"
inadequacy"of"traditional"surrogate"measures"for"tissue"CF,"and"also"that"CFOdirected"ablation"
can"improve"outcomes"for"patients.""
The"followOon"studies"presented"in"Chapter"5"go"on"to"provide"further"evidence"for"this"latter"
point."The"first"study"showed"that"CF"in"association"with"robotic"navigation"was"shown"to"be"
superior" to"manual"ablation"without" the"use"of"CF" in"oneOyear"clinical"outcomes,"whilst" the"
second" followOon" study" demonstrated" superior" medium" term" (mean" follow" up" 11.4±4.7"
months)"outcomes" in"paroxysmal"AF.201"202"Both" studies"highlighted"an"additional"benefit" in"
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the" reduction" in" fluoroscopy" times,"which" is" likely" to" reflect" greater"operator" confidence" in"
catheter"position"and"stability"that"realOtime"CF"readings"provide."
The"improved"safety"that"CF"data"provides"must"also"be"addressed.""The"LA"wall"thickness"is"
heterogeneous"and"the"surface"of"the"LA"endocardium"can"be"irregular."This"can"in"turn"affect"
the"positional"stability"of"the"catheter"tip"and"in"turn"the"force"between"the"catheter"tip"and"
the"myocardium."CF"data"is"invaluable"to"highlight"suboptimal"contact"in"regions"known"to"be"
difficult"(e.g."ridge"between"left"upper"PV"and"left"atrial"appendage)"to"facilitate"better"lesion"
formation." Conversely," high" CF" values" can" prompt" a" timely" response" from" the" operator" to"
adjust" catheter" orientation" or" pressure" to" reduce" CF," and" potentially" prevent" serious"
complications"such"as"a"steam"pop"or"cardiac"perforation"resulting"in"tamponade.""
This"promising"technology"has"been"heralded"by"some"as"the"missing"link"in"AF"ablation"and"
although" relatively" new," there" is" a" rapidly" growing" evidence" to" highlight" the" advantages" of"
real" time"CF" sensing."However," there" is" still"more"work" to" be" done" in" this" arena," including"
reaching" a" consensus" as" to" the" optimal" target" CF" required" to" achieving" longOlasting,"
transmural"RF"lesions."This"technology"has"the"potential"to"improve"outcomes"in"AF"ablation"
significantly,"and"may"well"provide"the"efficacy"that"has"eluded"electrophysiologists"since"the"
inception"of"catheter"ablation."
!
7.5!Limitations!
The"limitation"of"the"CASAOAF"study"was"the"nonOrandomised"study"design,"which"inherently"
does" predispose" to" unmeasured" systematic" differences" between" the" patient" groups."
However," patients" were" well" matched" with" regards" to" baseline" characteristics," and" to"
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minimise"the"potential"for"referral"bias,"the"modality"of"ablation"was"determined"by"patient"
choice." Furthermore," the" analysis" of" the" primary" outcome" data" was" carried" out" as" an"
intention"to"treat"analysis"in"keeping"with"a"randomised"control"trial"model."
Although" the" sample" size"was" small," the" effect" size"was" significantly" different" between" the"
two"groups"meaning"that"the"study"was"not"underpowered."
The" SFO36" quality" of" life" questionnaire" used"was" a" general" health" assessment," but" perhaps"
inclusion"of"an"additional"disease"specific"questionnaire"such"as"the"Atrial"Fibrillation"Effect"on"
QualiTyOofOlife"(AFEQT)"Questionnaire"would"have"provided"additional"insight."
Finally,"the"rhythm"monitoring"could"have"missed"those"with"asymptomatic"atrial"arrhythmia"
episodes" despite" the" fact" the" rigour" of" the" monitoring" schedule" was" greater" than" the"
minimum" requirements" set" out" by" the" 2012" HRS/EHRA/ECAS" International" Consensus"
document."26"
"
7.6!Future!Directions!
During"my"MD"Res"studentship,"I"took"the"opportunity"to"develop"this"investigation"into"the"
next"phase."I"developed"a"randomised"control"trial"protocol,"based"on"the"foundations"laid"by"
the" CASAOAF" study" presented" in" this" thesis." I" concurrently" applied" for" a" £1.2"million" NIHR"
research"grant,"which"was"successful.""
The" forthcoming" CASAOAF" RCT" (due" to" commence" in" June" 2015)" seeks" to" provide" a" robust"
assessment" of" the" differences" between" thoracoscopic" and" catheter" ablation" techniques" in"
LSPAF." It" is" an" industryOindependent,"multiOcentre" randomised" controlled" trial." The" primary"
hypothesis" is" that" thoracoscopic" surgical" ablation" is" more" effective" than" percutaneous"
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catheter" ablation" in" LSPAF" with" regards" to" freedom" from" atrial" arrhythmia" at" 12" months’"
followOup"after"a"single"procedure"without"antiarrhythmic"drugs."The"study"will"also"evaluate,"
in" detail:" the" effect" on" LA" anatomy" and" function;" safety;" change" in" patients'" quality" of" life"
using" validated" general" and" diseaseOspecific" tools;" and" perform" a" comprehensive" health"
economic"assessment."
To" answer" the" question" about" the" importance" of" ganglionated" plexi" (GP)" ablation" in"
thoracoscopic" surgical" procedures," an" additional" subOstudy" is" planned" using" nuclear" MIBG"
scanning" to" identify"preOand"postOablation"GP"distribution"and" their" correlation"with"clinical"
outcomes."
"
7.7!CASAXAF!Conclusions!
Data" from" this" prospective," nonOrandomised" study" indicates" that" thoracoscopic" surgical"
ablation" achieves" superior" outcomes" with" respect" to" freedom" for" atrial" arrhythmia" at" 9"
months." However," there" is" an" increased" risk" of" major" (nonOfatal)" complications" with"
thoracoscopic" surgical" ablation,"which"may"have"adverse"effects"on"patients’"quality"of" life."
Further"refinement"in"surgical"tools"and"techniques"is"required"to"reduce"complication"rates"
and"capitalise"on"the"advantages"to"make" it"a"viable"alternative"to"catheter"ablation."Larger"
scale"and"more"detailed"studies"are"required"to"evaluate"these"two"modalities"in"more"detail."
CASAOAF"provides"the"framework"to"base"future"rigorous"assessment"of"these"strategies"with"
the"hope"that"better"outcomes"can"be"achieved"for"LSPAF"patients.""
"
"
!!
214!
References!
!
1.! Lip"GY,"Beevers"DG."ABC"of" atrial" fibrillation."History," epidemiology," and" importance"of" atrial"
fibrillation."BMJ."1995;"311:1361–63.""
2.! McMichael"J."History"of"Atrial"Fibrillation"1628O1819."Br"Heart"J."1982;"48:193O7."
3.! Lewis" T." Auricular" fibrillation" and" its" relationship" to" clinical" irregularity" of" the" heart." Heart."
1910;"1:306–372.""
4.! Nattel"S,"Allessie"M,"Haissaguerre"M."Spotlight"on"atrial"fibrillation"O"the"‘complete"arrhythmia’."
Cardiovasc"Res."2002;"54:197–203."
5.! Chugh" SS," Havmoeller" R," Narayana" K," Singh"D," Rienstra"M," Benjamin" EJ," Gillum"RF," Kim" YOH,"
McAnulty" JH" Jr," Zheng" ZOJ," Forouzanfar"MH," Naghavi" M,"Mensah" GA," Ezzati" M,"Murray" CJL."
Worldwide" epidemiology" of" atrial" fibrillation:" a" Global" Burden" of" Disease" 2010" Study."
Circulation."2014;"129:837–47.""
6.! LloydOJones"D,"Adams"RJ,"Brown"TM,"Carnethon"M,"Dai"S,"De"Simone"G,"Ferguson"TB,"Ford"E,"
Furie" K," Gillespie" C," Go" A," Greenlund" K," Haase" N," Hailpern" S," Ho" PM," Howard" V," Kissela" B,"
Kittner"S,"Lackland"D,"Lisabeth"L,"Marelli"A,"McDermott"MM,"Meigs"J,"Mozaffarian"D,"Mussolino"
M,"Nichol"G,"Roger"VL,"Rosamond"W,"Sacco"R,"Sorlie"P,"Thom"T,"WasserthielOSmoller"S,"Wong"
ND," WylieORosett" J." Heart" Disease" and" Stroke" Statistics" O" 2010" Update:" A" Report" From" the"
American"Heart"Association."Circulation."2010;"121:46–215.""
7.! Stewart"S,"Murphy"N,"Walker"A,"McGuire"A,"McMurray"JJV."Cost"of"an"emerging"epidemic:"an"
economic"analysis"of"AF"in"the"UK."Heart."2004;"90:286–92."
8.! Schoonderwoerd" BA," Smit" MD," Pen" L," Van" Gelder" IC." New" risk" factors" for" atrial" fibrillation:"
causes"of"'notOsoOlone"atrial"fibrillation'."Europace."2008;"10:668–73.""
9.! Lubitz"SA,"Ozcan"C,"Magnani"JW,"Kaab"S,"Benjamin"EJ,"Ellinor"PT."Genetics"of"Atrial"Fibrillation:"
Implications" for" Future" Research" Directions" and" Personalized" Medicine." Circ" Arrhythm"
Electrophysiol."2010;"3:291–9.""
10.! Moe"G,"Rheinboldt"W,"Abildskov"JA."A"computer"model"of"atrial"fibrillation."Am"Heart"J."1964;"
67:200–20.""
11.! Allessie"M,"Kirchhof"CJ,"Konings"KT."Unravelling"the"electrical"mysteries"of"atrial"fibrillation."Eur"
Heart"J."1996;"17"Suppl"C:2O9.""
12.! Wijffels"M," Kirchhof" CJ," Dorland" R," Allessie"MA." Atrial" Fibrillation" Begets" Atrial" Fibrillation." A"
Study"in"Awake"Chronically"Instrumented"Goats."Circulation."1995;"92:1954O68."
13.! Haissaguerre"M,"Jais"P,"Shah"D,"Takahashi"A,"Hocini"M,"Quinio"G,"Garrigue"S,"Le"Mouroux"A,"Le"
Metayer"P,"Clementy"J."Spontaneous"Initiation"of"Atrial"Fibrillation"by"Ectopic"Beats"Originating"
in"the"Pulmonary"Veins."N"Engl"J"Med."1998;"339:659O66.""
14." " " " " Willems" S," Klemm" H," Rostock" T," Brandstrup" B," Ventura" R," Steven" D," Risius" T," Lutomsky" B,"
Meinertz"T."Substrate"modification"combined"with"pulmonary"vein"isolation"improves"outcome"
of" catheter" ablation" in" patients" with" persistent" atrial" fibrillation:" a" prospective" randomized"
comparison."Eur"Heart"J."2006;"27:2871–8.""
!!
215!
15." Tilz" RR," Chun" KRJ," Schmidt" B," Fuernkranz" A," Wissner" E," Koester" I," Baensch" D," Boczor" S,"
Koektuerk" B,"Metzner" A," Zerm" T," Ernst" S," Antz"M," Kuck" KH," Ouyang" F." Catheter" Ablation" of"
LongOStanding" Persistent" Atrial" Fibrillation:" A" Lesson" from" Circumferential" Pulmonary" Vein"
Isolation."J"Cardiovasc"Electrophysiol."2010;"21:1085–93.""
16." Edgerton"JR,"Edgerton"ZJ,"Weaver"T,"Reed"K,"Prince"S,"Herbert"MA,"Mack"MJ."Minimally"Invasive"
Pulmonary"Vein" Isolation"and"Partial"Autonomic"Denervation" for" Surgical" Treatment"of"Atrial"
Fibrillation."Ann"Thorac"Surg."2008;"86:35–9.""
17." Lin"WS,"Tai"CT,"Hsieh"MH,"Tsai"CF,"Lin"YK,"Tsao"HM,"Huang"JL,"Yu"WC,"Yang"SP,"Ding"YA,"Chang"
MS," Chen" SA." Catheter" Ablation" of" Paroxysmal" Atrial" Fibrillation" Initiated" by" NonOPulmonary"
Vein"Ectopy."Circulation."2003;"107:3176–83."
18." Chen"POS,"Tan"AY."Autonomic"nerve"activity"and"atrial"fibrillation."Heart"Rhythm."2007;"4:S6"1–
4.""
19." Jalife" J,"Berenfeld"O,"Mansour"M."Mother" rotors"and" fibrillatory" conduction:" a"mechanism"of"
atrial"fibrillation."Cardiovasc"Res."2002;"54:204–16.""
20." Jais"P,"Cauchemez"B,"Macle"L,"Daoud"E,"Khairy"P,"Subbiah"R,"Hocini"M,"Extramiana"F,"Sacher"F,"
Bordachar" P," Klein" G,"Weerasooriya" R," Clementy" J." Catheter" Ablation" Versus" Antiarrhythmic"
Drugs"for"Atrial"Fibrillation:"The"A4"Study."Circulation."2008;"118:2498–505.""
21." Nault" I,"Miyazaki"S,"Forclaz"A,"Wright"M," Jadidi"A," Jais"P,"Hocini"M,"Haissaguerre"M."Drugs"vs."
ablation"for"the"treatment"of"atrial"fibrillation:"the"evidence"supporting"catheter"ablation."Eur"
Heart"J."2010;"31:1046–54.""
22." Guiraudon" GM," Campbell" CS," Jones" DL,"McLellan" JL,"MacDonald" JL:" Combined" sinoO" " " " atrial"
node"atrioOventricular"node" isolation:"A"surgical"alternative" to"His"bundle"ablation" in"patients"
with"atrial"fibrillation."Circulation."1985;"72:111O20.""
23." Cox"JL."Cardiac"Surgery"for"Arrhythmias."Pacing"Clin"Electrophysiol."2004;"27:266–82.""
24." Cox"JL,"Boineau"JP,"Schuessler"RB,"Jaquiss"R,"Lappas"D."Modification"of"the"maze"procedure"for"
atrial"flutter"and"atrial"fibrillation."J"Thorac"Cardiovasc"Surg."1995;"110:473–84.""
25." Prasad"SM,"Maniar"HS,"Camillo"CJ,"Schuessler"RB,"Boineau"JP,"Sundt"TM"III,"et"al."The"Cox"maze"
III" procedure" for" atrial" fibrillation:" longOterm" efficacy" in" patients" undergoing" lone" versus"
concomitant"procedures."J"Thoracic"Cardiovasc"Surg."2003;"126:1822–8.""
26." Calkins"H,"Kuck"KH,"Cappato"R,"Brugada"J,"Camm"AJ,"Chen"SA,"Crijns"HJ,"Damiano"RJ"Jr,"Davies"
DW,"DiMarco"J,"Edgerton"J,"Ellenbogen"K,"Ezekowitz"MD,"Haines"DE,"Haissaguerre"M,"Hindricks"
G," Iesaka" Y," Jackman" W," Jalife" J," Jais" P," Kalman" J," Keane" D," Kim" YH," Kirchhof" P," Klein" G,"
Kottkamp" H," Kumagai" K," Lindsay" BD," Mansour" M," Marchlinski" FE," McCarthy" PM," Mont" JL,"
Morady"F,"Nademanee"K,"Nakagawa"H,"Natale"A,"Nattel"S,"Packer"DL,"Pappone"C,"Prystowsky"E,"
Raviele" A," Reddy" V," Ruskin" JN," Shemin" RJ," Tsao"HM,"Wilber" D." 2012"HRS/EHRA/ECAS" expert"
consensus"statement"on"catheter"and"surgical"ablation"of"atrial" fibrillation:"recommendations"
for"patient" selection,"procedural" techniques,"patient"management"and" followOup,"definitions,"
endpoints,"and"research"trial"design."Europace."2012;"14:528O606.""
27." Lee"R,"Kruse"J,"McCarthy"PM."Surgery"for"atrial"fibrillation."Nat"Rev"Cardiol."2009;"6:505–13.""
28." Holmes"DR,"Monahan"KH,"Packer"D."Pulmonary"Vein"Stenosis"Complicating"Ablation"for"Atrial"
!!
216!
Fibrillation."JACC"Cardiovasc"Interv."2009;"2:267–76.""
29." Oral"H,"Knight"BP,"Tada"H,"Ozaydin"M,"Chuch"A,"Hassan"S,"Scharf"C,"Lai"S,"Greenstein"R,"Pelosi"F,"
Strickberger" SA," Morady" F." Pulmonary" Vein" Isolation" for" Paroxysmal" and" Persistent" Atrial"
Fibrillation."Circulation."2002;"105:1077–81.""
30." Cappato"R,"Calkins"H,"Chen"SA,"Davies"W,"Iesaka"Y,"Kalman"J,"Kim"YH,"Klein"G,"Natale"A,"Packer"
D,"Skanes"A,"Ambrogi"F,"Biganzoli"E."Updated"Worldwide"Survey"on"the"Methods,"Efficacy,"and"
Safety"of"Catheter"Ablation" for"Human"Atrial" Fibrillation."Circ"Arrhythm"Electrophysiol." 2010;"
3:32–8.""
31"""""Tilz"RR,"Rillig"A,"Thum"AM,"Arya"A,"Wohlmuth"P,"Metzner"A,"Mathew"S,"Yoshiga"Y,"Wissner"
E," Kuck" KH," Ouyang" F." Catheter" ablation" of" longstanding" persistent" atrial" fibrillation:" 5Oyear"
outcomes"of"the"Hamburg"sequential"ablation"strategy."J"Am"Coll"Cardiol."2012;""60:1921–9.""
32." Knecht"S,"Hocini"M,"Wright"M,"Lellouche"N,"O'Neill"MD,"Matsuo"S,"Nault"I,"Chauhan"VS,"Makati"
KJ," Bevilacqua" M," Lim" KT," Sacher" F," Deplagne" A," Derval" N," Bordachar" P," Jais" P," Clementy" J,"
Haissaguerre" M." Left" atrial" linear" lesions" are" required" for" successful" treatment" of" persistent"
atrial"fibrillation."Eur"Heart"J."2008;"29:2359–66.""
33." Nademanee"K,"McKenzie"J,"Kosar"E,"Schwab"M,"Sunsaneewitayakul"B,"Vasavakul"T,"Khunnawat"
C," Ngarmukos" T." A" new" approach" for" catheter" ablation" of" atrial" fibrillation:" mapping" of" the"
electrophysiologic"substrate."J"Am"Coll"Cardiol."2004;"43:2044–53.""
34." Konings" KT," Smeets" JL," Penn" OC,"Wellens" HJ," Allessie"MA." Configuration" of" uniO" polar" atrial"
electrograms" during" electrically" induced" atrial" fibrillation" in" humans." Circulation." 1997;"
95:1231O41.""
35." Lin" J," Scherlag" BJ," Zhou" J," Lu" Z," Patterson" E," Jackman" WM," Lazzara" R," Po" SS." Autonomic"
Mechanism" to" Explain" Complex" Fractionated" Atrial" Electrograms" (CFAE)." J" Cardiovasc"
Electrophysiol."2007;"18:1197–205.""
36." Katritsis" D," Giazitzoglou" E," Sougiannis" D," Voridis" E," Po" SS." Complex" fractionated" atrial"
electrograms" at" anatomic" sites" of" ganglionated" plexi" in" atrial" fibrillation." Europace." 2009;"
11:308–15.""
37." Oral"H,"Chugh"A,"Good"E,"Wimmer"A,"Dey"S,"Gadeela"N," Sankaran"S,"Crawford"T," Sarrazin" JF,"
Kuhne"M," Chalfoun" N,"Wells" D," Frederick"M," Fortino" J," BenloucifOMoore" S," Jongnarangsin" K,"
Pelosi"F"Jr,"Bogun"F,"Morady"F."Radiofrequency"Catheter"Ablation"of"Chronic"Atrial"Fibrillation"
Guided"by"Complex"Electrograms."Circulation."2007;"115:2606–12.""
38." Estner"HL,"Hessling"G,"Ndrepepa"G,"Wu"J,"Reents"T,"Fichtner"S,"Schmitt"C,"Bary"CV,"Kolb"C,"Karch"
M,"Zrenner"B,"Deisenhofer"I."ElectrogramOguided"substrate"ablation"with"or"without"pulmonary"
vein"isolation"in"patients"with"persistent"atrial"fibrillation."Europace."2008;"10:1281–7.""
39." Brooks"AG,"Stiles"MK,"Laborderie"J,"Lau"DH,"Kuklik"P,"Shipp"NJ,"Hsu"LF,"Sanders"P."Outcomes"of"
longOstanding"persistent"atrial" fibrillation"ablation:"A"systematic"review."Heart"Rhythm." "2010;"
7:835–46.""
40." " " " " "Rostock"T,"Salukhe"TV,"Steven"D,"Drewitz" I,"Hoffmann"BA,"Bock"K,"Servatius"H,"Mullerleile"K,"
Sultan" A," Gosau" N," Meinertz" T," Wegscheider" K," Willems" S." LongOterm" singleO" and" multipleO
procedure" outcome" and" predictors" of" success" after" catheter" ablation" for" persistent" atrial"
fibrillation."Heart"Rhythm."2011;"8:1391–7.""
!!
217!
41.""""""McCready"JW,"Smedley"T,"Lambiase"PD,"Ahsan"SY,"Segal"OP,"Rowland"E,"Lowe"MD,"Chow"AW."
Predictors" of" recurrence" following" radiofrequency" ablation" for" persistent" atrial" fibrillation."
Europace."2011;"13:355O61.""
42." Arrantes"L,"Gaita"F,"Lim"KT,"Scaglione"M,"Jais"P,"Hocini"M,"Matsuo"S,"Knecht"S,"Haissaguerre"M."
Atrial" fibrillation" ablation:" evolution" of" the" curative" approach." Eur" Heart" J." 2007;" 9(Suppl"
I):I129–35.""
43." O'Neill"MD,"Jaïs"P,"Hocini"M,"Sacher"F,"Klein"GJ,"Clémenty"J,"Haissaguerre"M."Catheter"ablation"
for"atrial"fibrillation."Circulation."2007;"116:1515–23.""
44." Ad"N,"Cox"JL."The"Maze"Procedure"for"the"Treatment"of"Atrial"Fibrillation:"A"minimally"invasive"
approach."J"Card"Surg."2004;"19:196–200.""
45." Damiano"RJ," Bailey"M." The"CoxOMaze" IV" procedure" for" lone" atrial" fibrillation."Multimed"Man"
Cardiothorac"Surg."2007;"2007(723).""
46." Lall"SC,"Melby"SJ,"Voeller"RK,"Zierer"A,"Bailey"MS,"Guthrie"TJ,"Moon"MR,"Moazami"N,"Lawton"JS,"
Damiano" RJ." The" effect" of" ablation" technology" on" surgical" outcomes" after" the" CoxOmaze"
procedure:"A"propensity"analysis."J"Thorac"Cardiovasc"Surg."2007;"133:389–96.""
47." Cox"JL."The"Role"of"Surgical"Intervention"in"the"Management"of"Atrial"Fibrillation."Tex"Heart"Inst"
J."2004;"31:257O65.""
48." Blackshear" J," Odell" J." Appendage" Obliteration" to" Reduce" Stroke" in" Cardiac" Surgical" Patients"
With"Atrial"Fibrillation."Ann"Thorac"Surg."1996;"61:755–9.""
49." Haïssaguerre" M," Sanders" P," Hocini" M," Takahashi" Y," Rotter" M," Sacher" F," Rostock" T," Hsu" LF,"
Bordachar" P," Reuter" S," Roudaut" R," Clementy" J," Jais" P." Catheter" Ablation" of" LongOLasting"
Persistent" Atrial" Fibrillation:" Critical" Structures" for" Termination." J" Cardiovasc" Electrophysiol."
2005;"16:1125–37.""
50." Prasad"SM,"Maniar"HS,"Diodato"MD,"Schuessler"RB,"Damiano"RJ."Physiological"Consequences"of"
Bipolar"Radiofrequency"Energy"on"the"Atria"and"Pulmonary"Veins:"A"Chronic"Animal"Study."Ann"
Thorac"Surg."2003;"76:836O42.""
51." Gaynor" SL," Ishii" Y,"Diodato"MD,"Prasad" SM,"Barnett" KM,"Damiano"NR,"Byrd"GD,"Wickline" SA,"
Schuessler"RB,"Damiano"RJ"Jr."Successful"Performance"of"CoxOMaze"Procedure"on"Beating"Heart"
Using"Bipolar"Radiofrequency"Ablation:"A"Feasibility"Study"in"Animals."Ann"Thorac"Surg."2004;"
78:1671–7.""
52." Melby"SJ,"Gaynor"SL,"Lubahn"JG,"Lee"AM,"Rahgozar"P,"Caruthers"SD,"Williams"TA,"Schuessler"RB,"
Damiano"RJ" Jr." Efficacy"and" safety"of" right"and" left" atrial" ablations"on" the"beating"heart"with"
irrigated"bipolar" radiofrequency" energy:"A" longOterm"animal" study." J" Thorac"Cardiovasc" Surg."
2006;"132:853–60.""
53." Schwartzman" D," Bonanomi" G," Zenati" MA." EpicardiumOBased" Left" Atrial" Ablation:" impact" on"
electromechanical"properties."J"Cardiovasc"Electrophysiol."2003;"14:1087–92.""
54." Edgerton"JR."Surgical"therapy"for"atrial"fibrillation."J"Cardiovasc"Med."2012;"13:125–30.""
55." Pruitt" JC," Lazzara" RR," Ebra" G." Minimally" invasive" surgical" ablation" of" atrial" fibrillation:" The"
thoracoscopic"box"lesion"approach."J"Interv"Card"Electrophysiol."2008;"20:83–7.""
!!
218!
56." Sandoval"E,"Castella"M,"Pomar"JL."Current"State"of"the"Surgical"Treatment"of"Atrial"Fibrillation."
Cardiol"Res"Pract."2011;"2011:1–4.""
57." Neven"K,"Schmidt"B,"Metzner"A,"Otomo"K,"Nuyens"D,"De"Potter"T,"Chun"KR,"Ouyang"F,"Kuck"KH."
Fatal" End" of" a" Safety" Algorithm" for" Pulmonary" Vein" Isolation" With" Use" of" HighOIntensity"
Focused"Ultrasound."Circ"Arrhythm"Electrophysiol."2010;"3:260–5.""
58." Scherlag"BJ,"Yamanashi"W,"Patel"U,"Lazzara"R,"Jackman"WM."Autonomically"Induced"Conversion"
of"Pulmonary"Vein"Focal"Firing"Into"Atrial"Fibrillation."J"Am"Coll"Cardiol."2005;"45:1878–86.""
59." Patterson" E," Po" SS," Scherlag"BJ," Lazzara"R." Triggered" firing" in" pulmonary" veins" initiated"by" in"
vitro"autonomic"nerve"stimulation."Heart"Rhythm."2005;"2:624–31.""
60." Pappone" C," Santinelli" V," Manguso" F," Vicedomini" G," Gugliotta" F," Augello" G," Mazzone" P,"
Tortoriello" V," Landoni" G," Zangrillo" A," Lang" C," Tomita" T," Mesas" C," Mastella" E," Alifieri" O."
Pulmonary" Vein" Denervation" Enhances" LongOTerm" Benefit" After" Circumferential" Ablation" for"
Paroxysmal"Atrial"Fibrillation."Circulation."2004;"109:327–34.""
61." Scherlag"B,"Nakagawa"H,"Jackmann"WM,"Yamanashi"WS,"Patterson"E,"Po"S,"Lazzara"R."Electrical"
Stimulation" to" Identify"Neural"Elements"on" the"Heart:"Their"Role" in"Atrial"Fibrillation." J" Interv"
Card"Electrophysiol."2005;"13"Suppl"1:37O42.""
62." Sanders" P," Berenfeld" O," Hocini" M," Jais" P," Vaidyanathan" R," Hsu" LF," Garrigue" S," Takahashi" Y,"
Rotter" M," Sacher" F," Scavee" C," PloutzOSnyder" R," Jalife" J," Haissaguerre" M." Spectral" Analysis"
Identifies"Sites"of"HighOFrequency"Activity"Maintaining"Atrial"Fibrillation"in"Humans."Circulation."
2005;"112:789–97.""
63." Schauerte"P,"Scherlag"BJ,"Pitha"J,"Scherlag"MA,"Reynolds"D,"Lazzara"R,"Jackman"WM."Catheter"
Ablation" of" Cardiac" Autonomic" Nerves" for" Prevention" of" Vagal" Atrial" Fibrillation." Circulation."
2000;"102:2774O80."
64." Lemola" K," Chartier"D," Yeh" YH,"Dubuc"M," Cartier" R," Armour"A," Ting"M," Sakabe"M," ShiroshitaO
Takeshita"A,"Comtois"P,"Nattel"S."Pulmonary"Vein"Region"Ablation"in"Experimental"Vagal"Atrial"
Fibrillation:"Role"of"Pulmonary"Veins"Versus"Autonomic"Ganglia."Circulation."2008;"11:470–7.""
65." McClelland"JH,"Duke"D,"Reddy"R."Preliminary"Results"of"a"Limited"Thoracotomy:"New"Approach"
to"Treat"Atrial"Fibrillation."J"Cardiovasc"Electrophysiol."2007;"18:1289–95.""
66." Polymeropoulos"KP,"Rodriguez"LM,"Timmermans"C,"Wellens"HJ."Radiofrequency"Ablation"of"a"
Focal" Atrial" Tachycardia" Originating" From" the" Marshall" Ligament" as" a" Trigger" for" Atrial"
Fibrillation."Circulation."2002;"105:2112–3.""
67." Tan" AY," Chou" CC," Zhou" S," Nihei" M," Hwang" C," Peter" CT," Fishbein" MC," Chen" PS." Electrical"
connections" between" left" superior" pulmonary" vein," left" atrium," and" ligament" of" Marshall:"
implications" for" mechanisms" of" atrial" fibrillation." Am" J" Physiol" Heart" Circ" Physiol." 2005;"
290:H312–22.""
68." Katritsis"D,"Ioannidis"JP,"Anagnostopoulos"CE,"Sarris"GE,"Giazitzoglou"E,"Korovesis"S,"Camm"AJ."
Identification"and"Catheter"Ablation"of"Extracardiac"and"Intracardiac"Components"of"Ligament"
of"Marshall"Tissue"for"Treatment"of"Paroxysmal"Atrial"Fibrillation." J"Cardiovasc"Electrophysiol."
2001."12:750O8.""
69." Oh"S,"Zhang"Y,"Bibevski"S,"Marrouche"NF,"Natale"A,"Mazgalev"TN."Vagal"denervation"and"atrial"
!!
219!
fibrillation" inducibility:" Epicardial" fat" pad" ablation" does" not" have" longOterm" effects." Heart"
Rhythm."2006;"3:701–8.""
70." Edgerton" JR,"McClelland" JH," Duke" D," Gerdisch"MW," Steinberg" BM," Bronleewe" SH," Prince" SL,"
Herbert"MA,"Hoffman"S,"Mack"MJ."Minimally"invasive"surgical"ablation"of"atrial"fibrillation:"SixO
month"results."J"Thorac"Cardiovasc"Surg."2009;"138:109–14.""
71." Wudel"JH,"Chaudhuri"P,"Hiller"JJ."VideoOAssisted"Epicardial"Ablation"and"Left"Atrial"Appendage"
Exclusion"for"Atrial"Fibrillation:"Extended"FollowOUp."Ann"Thorac"Surg."2008;"85:34–38.""
72." Yilmaz" A," Van" Putte" BP," Van" Boven" WJ." Completely" thoracoscopic" bilateral" pulmonary" vein"
isolation" and" left" atrial" appendage" exclusion" for" atrial" fibrillation." J" Thorac" Cardiovasc" Surg."
2008;"136:521–2.""
73." Sagbas"E,"Akpinar"B,"Sanisoglu"I,"Caynak"B,"Tamtekin"B,"Oral"K,"Onan"B."VideoOAssisted"Bilateral"
Epicardial" Pulmonary" Vein" Isolation" for" the" Treatment" of" Lone"Atrial" Fibrillation." Ann" Thorac"
Surg."2007;"83:1724–30.""
74." Beyer"E,"Lee"R,"Lam"BOK."Point:"Minimally"invasive"bipolar"radiofrequency"ablation"of"lone"atrial"
fibrillation:"early"multicenter"results."J"Thorac"Cardiovasc"Surg."2009;"137:521–6.""
75." Cui" YQ," Li" Y," Gao" F," Xu" CL," Han" J," Zeng" W," Zeng" YP," Gurbanov" E," Meng" X." VideoOassisted"
minimally" invasive" surgery" for" lone" atrial" fibrillation:" A" clinical" report" of" 81" cases." J" Thorac"
Cardiovasc"Surg."2010;"139:326–32.""
76." Speziale"G,"Bonifazi"R,"Nasso"G,"Bartolomucci"F,"Caldarola"P,"Fattouch"K,"Martines"G,"Tavazzi"L,"
Chierchia" SL." Minimally" Invasive" Radiofrequency" Ablation" of" Lone" Atrial" Fibrillation" by"
Monolateral"Right"Minithoracotomy:"Operative"and"Early"FollowOUp"Results."Ann"Thorac"Surg."
2010;"90:161–7.""
77." Sirak"J,"Jones"D,"Sun"B,"SaiOSudhakar"C,"Crestanello"J,"Firstenberg"M."Toward"a"Definitive,"Totally"
Thoracoscopic"Procedure"for"Atrial"Fibrillation."Ann"Thorac"Surg."2008;"86:1960–4.""
78." Edgerton" JR," Jackman" WM," Mahoney" C," Mack" MJ." Totally" thorascopic" surgical" ablation" of"
persistent"AF"and"longOstanding"persistent"atrial"fibrillation"using"the"“Dallas”"lesion"set."Heart"
Rhythm."2009;"6(12"Suppl):S64–S70.""
79." Krul"SPJ,"Driessen"AHG,"van"Boven"WJ,"Linnenbank"AC,"Geuzebroek"GSC,"Jackman"WM,"Wilde"
AA," De" Bakker" JM," De" Groot" JR." Thoracoscopic" VideoOAssisted" Pulmonary" Vein" Antrum"
Isolation,"Ganglionated"Plexus"Ablation,"and"Periprocedural"Confirmation"of"Ablation"Lesions:"
First" Results" of" a" Hybrid" SurgicalOElectrophysiological" Approach" for" Atrial" Fibrillation." Circ"
Arrhythm"Electrophysiol."2011;"4:262–70.""
80." Mahapatra" S," LaPar" DJ," Kamath" S," Payne" J," Bilchick" KC," Mangrum" JM," Ailawadi" G." Initial"
Experience" of" Sequential" Surgical" EpicardialOCatheter" Endocardial" Ablation" for" Persistent" and"
LongOStanding"Persistent"Atrial"Fibrillation"With"LongOTerm"FollowOUp."Ann"Thorac"Surg."2011;"
91:1890–8.""
81." Boersma"LVA,"Castella"M,"van"Boven"W,"Berruezo"A,"Yilmaz"A,"Nadal"M,"Sandoval"E,"Calvo"N,"
Brugada" J," Kelder" J," Wijffels" M," Mont" L." Atrial" Fibrillation" Catheter" Ablation" Versus" Surgical"
Ablation"Treatment"(FAST):"A"2OCenter"Randomized"Clinical"Trial."Circulation."2012;"125:23O30.""
15.! 82." " " "Pison"L," La"Meir"M,"van"Opstal" J,"Blaauw"Y,"Maessen" J,"Crijns"HJ."Hybrid" thoracoscopic"
!!
220!
surgical"and"transvenous"catheter"ablation"of"atrial"fibrillation."J"Am"Coll"Cardiol"2012;"60:54–
61."!
83." Henry" L," Durrani" S," Hunt" S," Friehling" T," Tran" H," Wish" M," Del" Negro" A," Bell" M," Ad" N."
Percutaneous" Catheter" Ablation" Treatment" of" Recurring" Atrial" Arrhythmias" After" Surgical"
Ablation."Ann"Thorac"Surg."2010;"89:1227–32.""
84." McElderry" HT," McGiffin" DC," Plumb" VJ," Nanthakumar" K," Epstein" AE," Yamada" T," Kay" GN."
Proarrhythmic" Aspects" of" Atrial" Fibrillation" Surgery:" Mechanisms" of" Postoperative"
Macroreentrant"Tachycardias."Circulation."2008;"117:155–62.""
85." Kron"J,"Kasirajan"V,"Wood"MA,"Kowalski"M,"Han"FT,"Ellenbogen"KA."Management"of"recurrent"
atrial" arrhythmias" after" minimally" invasive" surgical" pulmonary" vein" isolation" and" ganglionic"
plexi"ablation"for"atrial"fibrillation."Heart"Rhythm."2010;"7:445–51.""
86." Cappato"R,"Negroni"S,"Pecora"D,"Bentivegna"S,"Lupo"PP,"Carolei"A,"Esposito"C,"Furlanello"F,"De"
Ambroggi" L." Prospective" Assessment" of" Late" Conduction" Recurrence" Across" Radiofrequency"
Lesions" Producing" Electrical" Disconnection" at" the" Pulmonary" Vein" Ostium" in" Patients" With"
Atrial"Fibrillation."Circulation."2003;"108:1599–604.""
87." Gerstenfeld"EP,"Callans"DJ,"Dixit"S,"Russo"AM,"Nayak"H,"Lin"D,"Pulliam"W,"Siddique"S,"Marchlinski"
FE."Mechanisms"of"organized" left"atrial" tachycardias"occurring"after"pulmonary"vein" isolation."
Circulation."2004;"110:1351–7.""
88." Ouyang" F," Antz"M," Ernst" S," Hachiya" H,"Mavrakis" H," Deger" FT," Schaumann" A," Chun" J," Falk" P,"
Hennig" D," Liu" X," Bansch" D," Kuck" KH." Recovered" pulmonary" vein" conduction" as" a" dominant"
factor"for"recurrent"atrial"tachyarrhythmias"after"complete"circular"isolation"of"the"pulmonary"
veins:"lessons"from"double"Lasso"technique."Circulation."2005;"111:127–35.""
89." Melby" SJ," Lee" AM," Zierer" A," Kaiser" SP," Livhits"MJ," Boineau" JP," Schuessler" RB," Damiano" RJ" Jr."
Atrial"fibrillation"propagates"through"gaps"in"ablation"lines:"Implications"for"ablative"treatment"
of"atrial"fibrillation."Heart"Rhythm."2008;"5:1296–301.""
"
90." Oral" H," Scharf" C," Chugh" A," Hall" B," Cheung" P," Good" E," Veerareddy" S," Pelosi" F" Jr," Morady" F."
Catheter" ablation" for" paroxysmal" atrial" fibrillation:" segmental" pulmonary" vein" ostial" ablation"
versus"left"atrial"ablation."Circulation."2003;"108:2355–60."""
91." Arentz"T,"Weber"R,"Bürkle"G,"Herrera"C,"Blum"T,"Stockinger"J,"Minners"J,"Neumann"FJ,"Kalusche"
D." Small" or" large" isolation" areas" around" the" pulmonary" veins" for" the" treatment" of" atrial"
fibrillation?"Results"from"a"prospective"randomized"study."Circulation."2007;"115:3057–63.""
92." Rostock" T," Steven"D," Hoffmann" B," Servatius" H," Drewitz" I," Sydow" K,"Mullerleile" K," Ventura" R,"
Wegscheider"K,"Meinertz"T,"Willems"S."Chronic"atrial" fibrillation" is" a"biatrial" arrhythmia:"data"
from" catheter" ablation" of" chronic" atrial" fibrillation" aiming" arrhythmia" termination" using" a"
sequential"ablation"approach."Circ"Arrhythmia"Electrophysiol."2008;"1:344–53.""
93." Earley"MJ."Catheter"ablation"of"permanent"atrial"fibrillation:"medium"term"results."Heart."2006;"
92:233–8.""
94." Cheema"A,"Dong"J,"Dalal"D,"Marine"JE,"Henrikson"CA,"Spragg"D,"Cheng"A,"Nazarian"S,"Bilchick"KC,"
Almasry" I," Sinha" S," Scherr" D," Halperin" H," Berger" R," Calkins" H." Circumferential" ablation" with"
!!
221!
pulmonary"vein"isolation"in"permanent"atrial"fibrillation."Am"J"Cardiol."2007;"99:1425O8.  
95." Oral"H,"Chugh"A,"Yoshida"K,"Sarrazin"JF,"Kuhne"M,"Crawford"T,"Chalfoun"N,"Wells"D,"Boonyapisit"
W," Veerareddy" S," Billakanty" S," Wong" WS," Good" E," Jongnarangsin" K," Pelosi" F" Jr.," Bogun" F,"
Morady" F." A" randomized" assessment" of" the" incremental" role" of" ablation" of" complex"
fractionated"atrial"electrograms"after"antral"pulmonary"vein"isolation"for"longOlasting"persistent"
atrial"fibrillation."J"Am"Coll"Cardiol."2009;"53:782–9."""
96." Maceira" A," Prasad" S," Khan" M," Pennell" D." Normalized" Left" Ventricular" Systolic" and" Diastolic"
Function" by" Steady" State" Free" Precession" Cardiovascular" Magnetic" Resonance." J" Cardiovasc"
Magn"Reson."2006;"8:417–26.""
97." Maceira"AM,"Prasad"SK,"Khan"M,"Pennell"DJ."Reference"right"ventricular"systolic"and"diastolic"
function"normalized" to"age," gender" and"body" surface"area" from"steadyOstate" free"precession"
cardiovascular"magnetic"resonance."Eur"Heart"J."2006;"27:2879–88.""
98." Reynolds"MR,"Ellis"E,"Zimetbaum"P."Quality"of"Life"in"Atrial"Fibrillation:"Measurement"Tools"and"
Impact"of"Interventions."J"Cardiovasc"Electrophysiol."2008;"19:762–8.""
99." Wynn" GJ," Todd" DM,"Webber"M," Bonnett" L,"McShane" J," Kirchhof" P," Gupta" D." The" European"
Heart" Rhythm" Association" symptom" classification" for" atrial" fibrillation:" validation" and"
improvement"through"a"simple"modification."Europace."2014;"16:965–72."" ""
100." Oral" H," Scharf" C," Chugh" A," Hall" B," Cheung" P," Good" E," Veerareddy" S," Pelosi" F" Jr," Morady" F."
Catheter"Ablation"for"Paroxysmal"Atrial"Fibrillation:"Segmental"Pulmonary"Vein"Ostial"Ablation"
Versus"Left"Atrial"Ablation."Circulation."2003;"108:2355–60.!
101." Konings"KT,"Kirchhof"CJ,"Smeets"JR,"Wellens"HJ,"Penn"OC,"Allessie"MA."HighOdensity"mapping"of"
electrically"induced"atrial"fibrillation"in"humans."Circulation."1994;"89:1665–80.""
102." Cosio"F,"Arribas"F,"Palacios"J,"Tascon"J,"LopezOGil"M."Fragmented"Electrograms"and"Continuous"
Electrical"Activity"in"Atrial"Flutter."Am"J"Cardiol."1986;"57:1309–14.""
103." Spach" MS," Dolber" PC." Relating" extracellular" potentials" and" their" derivatives" to" anisotropic"
propagation"at"a"microscopic"level"in"human"cardiac"muscle."Evidence"for"electrical"uncoupling"
of"sideOtoOside"fiber"connections"with"increasing"age."Circ"Res."1986;"58:356–71.""
104." Lin"YJ,"Tai"CT,"Kao"T,"Chang"SL,"Lo"LW,"Tuan"TC,"Udyavar"AR,"Wongcharoen"W,"Hu"YF,"Tso"HW,"
Tsai"WC,"Chang"CJ,"Ueng"KC,"Higa" S," Chen"SA." Spatiotemporal"Organization"of" the" Left"Atrial"
Substrate" After" Circumferential" Pulmonary" Vein" Isolation" of" Atrial" Fibrillation." Circ" Arrhythm"
Electrophysiol."2009;"2:233–41.""
105." Roux"JF,"Gojraty"S,"Bala"R,"Liu"CF,"Dixit"S,"Hutchinson"MD,"Garcia"F,"Lin"D,"Callans"DJ,"Riley"M,"
Marchlinski"F,"Gerstenfeld"EP."Effect"of"pulmonary"vein"isolation"on"the"distribution"of"complex"
fractionated"electrograms"in"humans."Heart"Rhythm."2009;"6:156–60.""
106." Hou"Y,"Scherlag"BJ,"Lin"J,"Zhang"Y,"Lu"Z,"Truong"K,"Patterson"E,"Lazzara"R,"Jackman"WM,"Po"SS."
Ganglionated" Plexi"Modulate" Extrinsic" Cardiac" Autonomic"Nerve" Input:" effects" on" sinus" rate,"
atrioventricular" conduction," refractoriness," and" inducibility" of" atrial" fibrillation." J" Am" Coll"
Cardiol."2007;"50:61–8.""
107." Matsuo" S," Yamane" T,"Date" T," Tokutake" KI,"Hioki"M,"Narui" R," Ito" K," Tanigawa" S," Yamashita" S,"
Tokuda" M," Inada" K," Arase" S," Yagi" H," Sugimoto" K," Yoshimura" M." Substrate" Modification" by"
!!
222!
Pulmonary" Vein" Isolation" and" Left" Atrial" Linear" Ablation" in" Patients" with" Persistent" Atrial"
Fibrillation:" Its" Impact" on" ComplexOFractionated" Atrial" Electrograms." J" Cardiovasc"
Electrophysiol."2012;"23:962–70.""
108." Jones"DG,"Haldar"SK,"Jarman"JWE,"Johar"S,"Hussain"W,"Markides"V,"Wong"T."Impact"of"Stepwise"
Ablation" on" the" Biatrial" Substrate" in" Patients" With" Persistent" Atrial" Fibrillation" and" Heart"
Failure."Circ"Arrhythm"Electrophysiol."2013;"6:761–8.""
109." Arrantes"L,"Gaita"F,"Lim"KT,"Scaglione"M,"Jais"P,"Hocini"M,"Matsuo"S,"Knecht"S,"Haissaguerre"M."
Atrial"fibrillation"ablation:"evolution"of"the"curative"approach."Eur"Heart"J"Suppl."2007;"9:I129–
35.""
110." Stiles" MK," Brooks" AG," John" B," Wilson" L," Kuklik" P," Dimitri" H," Lau" DH," RobertsOThomson" RL,"
Mackenzie" L," Willoughby" S," Young" GD," Sanders" P." The" Effect" of" Electrogram" Duration" on"
Quantification" of" Complex" Fractionated" Atrial" Electrograms" and" Dominant" Frequency." J"
Cardiovasc"Electrophysiol."2008;"19:252–8.""
111." Lin"YJ,"Tai"CT,"Kao"T,"Chang"SL,"Wongcharoen"W,"Lo"LW,"Tuan"TC,"Udyavar"AR,"Chen"YJ,"Higa"S,"
Ueng" KC," Chen" SA." Consistency" of" complex" fractionated" atrial" electrograms" during" atrial"
fibrillation."Heart"Rhythm."2008;"5:406–12.""
112." Singh" SM," D’Avila" A," Kim" SJ," Houghtaling" C," Dukkipati" SR," Reddy" VY." Intraprocedural" Use" of"
Ibutilide" to" Organize" and" Guide" Ablation" of" Complex" Fractionated" Atrial" Electrograms:"
Preliminary" Assessment" of" a" Modified" StepOWise" Approach" to" Ablation" of" Persistent" Atrial"
Fibrillation."J"Cardiovasc"Electrophysiol."2010;"21:608–16.""
113." Verma"A,"Mantovan"R,"Macle"L,"De"Martino"G,"Chen"J,"Morillo"CA,"Novak"P,"Calzolari"V,"Guerra"
PG," Nair" G," Torrecilla" EG," Khaykin" Y." Substrate" and" Trigger" Ablation" for" Reduction" of" Atrial"
Fibrillation" (STAR" AF):" a" randomized," multicentre," international" trial." Eur" Heart" J." 2010;"
31:1344–56.""
114." Elayi"CS,"Verma"A,"Di"Biase"L,"Ching"CK,"Patel"D,"Barrett"C,"Martin"D,"Rong"B,"Fahmy"TS,"Khaykin"
Y,"Hongo"R,"Hao"S,"Pelargonio"G,"Dello"Russo"A,"Casella"M,"Santarelli"P,"Potenza"D,"Fanelli"R,"
Massaro" R," Arruda" M," Schweikert" RA," Natale" A." Ablation" for" longstanding" permanent" atrial"
fibrillation:" Results" from" a" randomized" study" comparing" three" different" strategies." Heart"
Rhythm."2008;"5:1658–64.""
115." Hayward"RM,"Upadhyay"GA,"Mela"T," Ellinor"PT,"Barrett"CD,"Heist" EK,"Verma"A"Choudhry"NK,"
Singh" JP." Pulmonary" vein" isolation"with" complex" fractionated" atrial" electrogram" ablation" for"
paroxysmal"and"nonparoxysmal"atrial"fibrillation:"A"metaOanalysis."Heart"Rhythm."2011;"8:994–
1000.""
116." Takahashi"Y,"Takahashi"A,"Kuwahara"T,"Okubo"K,"Takagi"K,"Watari"Y,"Takigawa"M,"Nakashima"E,"
Kawaguchi"N,"Yamao"K,"Hirao"K,"Isobe"M."Outcomes"after"stepwise"ablation"for"persistent"atrial"
fibrillation"in"patients"with"heart"failure."Journal"of"Arrhythmia."2012;"28:347–52.""
117." Deneke"T,"Khargi"K,"Grewe"PH,"Von"Dryander"S,"Kuschkowitz"F,"Lawo"T,"Muller"KM,"Laczkovics"
A," Lemke" B." Left" Atrial" Versus" BiOAtrial" Maze" Operation" Using" Intraoperatively" CooledOTip"
Radiofrequency"Ablation"in"Patients"Undergoing"OpenOHeart"Surgery:"safety"and"efficacy."J"Am"
Coll"Cardiol."2002;"39:1644O50.""
118." Oral"H,"Chugh"A,"Good"E,"Crawford"T,"Sarrazin"JF,"Kuhne"M,"Chalfoun"N,"Wells"D,"Boonyapisit"
W," Gadeela" N," Sankaran" S," Kfahagi" A," Jongnarangsin" K," Pelosi" F" Jr," Bogun" F," Morady" F."
!!
223!
Randomized" Evaluation" of" Right" Atrial" Ablation" After" Left" Atrial" Ablation" of" Complex"
Fractionated" Atrial" Electrograms" for" LongOLasting" Persistent" Atrial" Fibrillation." Circ" Arrhythm"
Electrophysiol."2008;"1:6–13.""
119." Narayan"SM,"Krummen"DE,"Shivkumar"K,"Clopton"P,"Rappel"WJ,"Miller"JM."Treatment"of"Atrial"
Fibrillation" by" the" Ablation" of" Localized" Sources:" CONFIRM" (Conventional" Ablation" for" Atrial"
Fibrillation"With"or"Without"Focal"Impulse"and"Rotor"Modulation)"Trial."J"Am"Coll"Cardiol."2012;"
60:628–36.""
120." Ravelli"F,"Masè"M,"Cristoforetti"A,"Del"Greco"M,"Centonze"M,"Marini"M,"Disertori"M."Anatomic"
Localization" of" Rapid" Repetitive" Sources" in" Persistent" Atrial" Fibrillation:" fusion" of" biatrial" CT"
images"with"wave"similarity/cycle"length"maps."JACC"Cardiovasc"Imaging."2012;"5:1211–20.""
121." Haissaguerre" M," Hocini" M," Denis" A," Shah" AJ," Komatsu" Y," Yamashita" S," Daly" M," Amraoui" S,"
Zellerhoff"S,"Picat"MQ,"Quotb"A,"Jesel"L,"Lim"H,"Ploux"S,"Bordachar"P,"Attuel"G,"Meillet"V,"Ritter"
P,"Derval"N,"Sacher"F,"Bernus"O,"Cochet"H,"Jais"P,"Dubois"R."Driver"Domains"in"Persistent"Atrial"
Fibrillation."Circulation."2014;"130:530–8.""
122." Hocini"M,"Nault" I,"Wright"M,"Veenhuyzen"G,"Narayan"SM," Jaïs"P,"Lim"KT,"Knecht"S,"Matsuo"S,"
Forclaz" A,"Miyazaki" S," Jadidi" A," O'Neill"MD," Sacher" F," Clementy" J," Haissaguerre"M." Disparate"
Evolution" of" Right" and" Left" Atrial" Rate" During" Ablation" of" LongOLasting" Persistent" Atrial"
Fibrillation."J"Am"Coll"Cardiol."2010;"55:1007–16.""
123." Cox" JL." The" longstanding," persistent" confusion" surrounding" surgery" for" atrial" fibrillation." J"
Thorac"Cardiovasc"Surg."2010;"139:1374–86.""
124.! "Chugh" SS," Havmoeller" R," Narayana" K," Singh"D," Rienstra"M," Benjamin" EJ," Gillum" RF," Kim" YH,"
McAnulty" JH" Jr," Zheng" ZJ," Forouzanfar" MH," Naghavi" M," Mensah" GA," Ezzati" M," Murray" CJL."
Worldwide" epidemiology" of" atrial" fibrillation:" a" Global" Burden" of" Disease" 2010" Study."
Circulation."2014;"129:837–47.""
125.! Miyasaka" Y," Barnes"ME,"Gersh" BJ," Cha" SS," Bailey" KR," Abhayaratna"WP," Seward" JB," Tsang" TS."
Secular" trends" in" incidence"of"atrial" fibrillation" in"Olmsted"County,"Minnesota,"1980" to"2000,"
and"implications"on"projections"for"future"prevalence."Circulation."2006;"11:4119–25."
126.! Kannel"WB," Abbott" RD," Savage" DD,"McNamara" PM." Epidemiologic" features" of" chronic" atrial"
fibrillation:"The"Framingham"study."N"Engl"J"Med."1982;"306:1018O22.""
127.! Benjamin" EJ," Wolf" PA," D’Agostino" RB," Silbershatz" H," Kannel" WB," Levy" D." Impact" of" atrial"
fibrillation"on"the"risk"of"death:"The"Framingham"Heart"Study."Circulation."1998;"98:946O52.""
128.! Go"AS,"Hylek"EM,"Phillips"KA,"Chang"Y,"Henault"LE,"Selby"JV,"Singer"DE."Prevalence"of"diagnosed"
atrial" fibrillation" in" adults:" National" implications" for" rhythm" management" and" stroke"
prevention:" The" AnTicoagulation" and" Risk" Factors" in" Atrial" Fibrillation" (ATRIA)" Study." JAMA."
2001;"285:2370O5.""
129.! Krittayaphong" R," Raungrattanaamporn" O," Bhuripanyo" K," Sriratanasathavorn" C,"
Pooranawattanakul" S," Punlee" K," Kaangkagate" C." A" randomized" clinical" trial" of" the" efficacy" of"
radiofrequency" catheter" ablation" and" amiodarone" in" the" treatment" of" symptomatic" atrial"
fibrillation."J"Med"Assoc"Thai."2003;"86(suppl"1):S8O16."
130.! Wazni"OM,"Marrouche"NF,"Martin"DO,"Verma"A,"Bhargava"M,"Saliba"W,"Bash"D,"Schweikert"R,"
Brachmann"J,"Gunther"J,"Gutleben"K,"Pisano"E,"Potenza"D,"Fanelli"R,"Raviele"A,"Thermistoclakis"
!!
224!
S,"Rossillo"A,"Bonso"A,"Natale"A."Radiofrequency"ablation"vs."antiOarrhythmic"drugs"as"firstOline"
treatment"of"symptomatic"atrial"fibrillation:"a"randomized"trial."JAMA."2005;"293:2634O40."
131.! Stabile"G,"Bertaglia"E,"Senatore"G,"De"Simone"A,"Zoppo"F,"Donnici"G,"Turco"P,"Pascotto"P,"Fazzari"
M,"Vitale"DF."Catheter"ablation"treatment" in"patients"with"drugOrefractory"atrial" fibrillation:"a"
prospective," multiOcentre," randomized," controlled" study" (Catheter" Ablation" for" the" Cure" of"
Atrial"Fibrillation"Study)."Eur"Heart"J."2006;"27:216O21."
132.! Oral"H,"Pappone"C,"Chugh"A,"Good"E,"Bogun"F,"Pelosi"Jr"F,"Bates"ER,"Lehmann"MH,"Vicedomini"
G,"Augello"G,"Agricola"E,"Sala"S,"Santinelli"V,"Morady"F."Circumferential"pulmonaryOvein"ablation"
for"chronic"atrial"fibrillation."N"Engl"J"Med."2006;"354:934O41."
133.! Pappone"C,"Augello"G,"Sala"S,"Gugliotta"F,"Vicedomini"G,"Gulletta"S,"Paglino"G,"Mazzone"P,"Sora"
N," Greiss" I," Santagostino" A," LiVolsi" L," Pappone" N," Radinovic" A," Manguso" F," Santinelli" V." A"
randomized" trial" of" circumferential" pulmonary" vein" ablation" versus" antiOarrhythmic" drug"
therapy"in"paroxysmal"atrial"fibrillation:"the"APAF"study."J"Am"Coll"Cardiol."2006;"48:2340O7.""
134.! Jais"P,"Cauchemez"B,"Macle"L,"Daoud"E,"Khairy"P,"Subbiah"R,"Hocini"M,"Extramiana"F,"Sacher"F,"
Bordachar" P," Klein"G,"Weerasooriya"R," Clementy" J,"Haissaguerre"M." Catheter" ablation" versus"
antiOarrhythmic"drugs"for"atrial"fibrillation:"the"A4"study."Circulation."2008;"118:2498O505."
135.! Forleo" GB,"Mantica"M," De" Luca" L," Leo" R," Santini" L," Panigada" S," De" Sanctis" V," Pappalardo" A,"
Laurenzi" F," Avella" A," Casella" M," Dello" Russo" A," Romeo" F," Pelargonio" G," Tondo" C." Catheter"
ablation" of" atrial" fibrillation" in" patients" with" diabetes" mellitus" type" 2:" results" from" a"
randomized"study"comparing"pulmonary"vein" isolation"versus"antiOarrhythmic"drug" therapy." J"
Cardiovasc"Electrophysiol."2009;"20:22O8.""
136.! Wilber"DJ,"Pappone"C,"Neuzil"P,"De"Paola"A,"Marchlinski"F,"Natale"A,"Macle"L,"Daoud"EG,"Calkins"
H,"Hall"B,"Reddy"V,"Augello"G,"Reynolds"MR,"Vinekar"C,"Liu"CY,"Berry"SM,"Berry"DA."Comparison"
of" antiarrhythmic" drug" therapy" and" radiofrequency" catheter" ablation" in" patients" with"
paroxysmal"atrial"fibrillation:"a"randomized"controlled"trial."JAMA."2010;"303:333O40."
137.! Packer" DL," Irwin" JM," Champagne" J." Cryoballoon" ablation" of" pulmonary" veins" for" paroxysmal"
atrial"fibrillation:"first"results"of"the"North"American"Arctic"Front"STOPOAF"pivotal"trial."J"Am"Coll"
Cardiol."2010;"55:E3015O16."
138.! Mont" L," Bisbal" F," HernandezOMadrid" A," PerezOCastellano" N," Vinolas" X," Arenal" A," Arribas" F,"
FernandezOLozano"I,"Bodegas"A,"Cobos"A,"Matia"R,"PerezOVillacastin"J,"Guerra"JM,"Avila"P,"LopezO
Gil"M," Castro" V," Arana" JI," Brugada" J." Catheter" ablation" vs." antiarrhythmic" drug" treatment" of"
persistent"atrial"fibrillation:"a"multicentre,"randomized,"controlled"trial"(SARA"Study)."Eur"Heart"
J."2014;"35:501O7."
139.! Abhayaratna"WP,"Seward"JB,"Appleton"CP,"Douglas"PS,"Oh"JK,"Tajik"AJ,"Tsang"TS."Left"atrial"size:"
physiologic"determinants"and"clinical"applications."J"Am"Coll"Cardiol."2006;"47:2357O63.""
140.! Berruezo" A," Tamborero" D," Mont" L," Benito" B," Tolosana" JM," Sitges" M," Vidal" B," Arriagada" G,"
Mendez" F," Matiello" M," Molina" I," Brugada" J." PreOprocedural" predictors" of" atrial" fibrillation"
recurrence"after"circumferential"pulmonary"vein"ablation."Eur"Heart"J."2007;"28:836O"41.""
141.! Beukema"WP," Elvan" A," Sie" HT,"Misier" AR,"Wellens" HJ." Successful" radiofrequency" ablation" in"
patients" with" previous" atrial" fibrillation" results" in" a" significant" decrease" in" left" atrial" size."
Circulation."2005;"112:2089O95.""
!!
225!
142.! Tops" LF," Bax" JJ," Zeppenfeld" K," Jongbloed" MR," van" der" Wall" EE," Schalij" MJ." Effect" of"
radiofrequency" catheter" ablation" for" atrial" fibrillation" on" left" atrial" cavity" size." Am" J" Cardiol."
2006;"97:1220O2.""
143.! Reant"P,"Lafitte"S,"Jais"P,"Serri"K,"Weerasooriya"R,"Hocini"M,"Pillois"X,"Clementy"J,"Haissaguerre"
M,"Roudaut"R."Reverse"remodeling"of"the"left"cardiac"chambers"after"catheter"ablation"after"1"
year"in"a"series"of"patients"with"isolated"atrial"fibrillation."Circulation."2005;"112:2896O2903.""
144.! Muller"H,"Noble" S," Keller"PF," Sigaud"P,"Gentil" P," Lerch"R," Shah"D,"Burri"H."Biatrial" anatomical"
reverse"remodelling"after"radiofrequency"catheter"ablation"for"atrial"fibrillation:"Evidence"from"
realOtime"threeO"dimensional"echocardiography."Europace."2008;"10:1073O8.""
145.! Hof"IE,"Velthuis"BK,"Chaldoupi"SM,"Wittkampf"FH,"van"Driel"VJ,"van"der"Heijden"JF,"Cramer"MJ,"
Meine"M,"Hauer"RN,"Loh"P."Pulmonary"vein"antrum"isolation"leads"to"a"significant"decrease"of"
left"atrial"size."Europace."2011;"13:371O5.""
146.! Lemola"K,"Sneider"M,"Desjardins"B,"Case"I,"Chugh"A,"Hall"B,"Cheung"P,"Good"E,"Han"J,"Tamirisa"K,"
Bogun" F," Pelosi" F" Jr," Kazerooni" E," Morady" F," Oral" H." Effects" of" left" atrial" ablation" of" atrial"
fibrillation"on"size"of"the"left"atrium"and"pulmonary"veins."Heart"Rhythm."2004;"1:576O81.""
147.! Wylie"JV"Jr,"Peters"DC,"Essebag"V,"Manning"WJ,"Josephson"ME,"Hauser"TH."Left"atrial"function"
and"scar"after"catheter"ablation"of"atrial"fibrillation."Heart"Rhythm."2008;"5:656O62.""
148.! Tops"LF,"Schalij"MJ,"Bax"JJ." Imaging"and"atrial" fibrillation:"the"role"of"multimodality" imaging" in"
patient"evaluation"and"management"of"atrial"fibrillation."Eur"Heart"J."2010;"31:542"–"51."
149.! Lang"RM,"Bierig"M,"Devereux"RB,"Flaschskampf"FA,"Foster"E,"Pellikka"PA,"Picard"MH,"Roman"MJ,"
Seward" J,"Shanewise" JS,"Solomon"SD,"Spencer"KT,"Sutton"MS,"Stewart"WJ."Recommendations"
for" chamber" quantification:" a" report" from" the" American" Society" of" Echocardiography's"
Guidelines" and" Standards" Committee" and" the" Chamber" Quantification" Writing" Group,"
developed"in"conjunction"with"the"European"Association"of"Echocardiography,"a"branch"of"the"
European"Society"of"Cardiology."J"Am"Soc"Echocardiogr."2005;"18:1440O63.""
150.! Sievers" B," Kirchberg" S," Addo" M," Bakan" A," Brandts" B," Trappe" HJ." Assessment" of" left" atrial"
volumes" in" sinus" rhythm" and" atrial" fibrillation" using" the" biplane" areaOlength" method" and"
cardiovascular" magnetic" resonance" imaging" with" TrueFISP." J" Cardiovasc" Magn" Reson." 2004;"
6:855O63."
151.! Jones" DG," Haldar" SK," Hussain" W," Sharma" R," Francis" DP," RahmanOHaley" SL," McDonagh" TA,"
Underwood"SR,"Markides"V,"Wong"T."A"randomized"trial"to"assess"catheter"ablation"versus"rate"
control" in" the"management" of" persistent" atrial" fibrillation" in" heart" failure.' J"Am" Coll" Cardiol."
2013;"61:1894O1903."
152.! Maceira" AM," CosinOSales" J," Roughton" M," Prasad" SK," Pennell" DJ." Reference" right" atrial"
dimensions" and" volume" estimation" by" steady" state" free" precession" cardiovascular" magnetic"
resonance."J"Cardiovasc"Magn"Reson."2013;"15O29."
153.! Alfakih"H,"Plein"S,"Bloomer"T,"Jones"T,"Ridgway"J,"Sivanathan"M."Comparison"of"right"ventricular"
volume" measurement" between" axial" and" short" axis" orientation" using" steady" state" free"
precession"magnetic"resonance"imaging."J"Cardiovasc"Magn"Reson."2003;"18:25O32."
!!
226!
154.! CasaclangOVerzosa" G," Gersh" BJ," Tsang" TS." Structural" and" functional" remodeling" of" the" left"
atrium:"Clinical"and"therapeutic"implications"for"atrial"fibrillation."J"Am"Coll"Cardiol."2008;"51:1O
11."
155.! Pump" A," Di" Biase" L," Price" J," Mohanty" P," Bai" R," Santangeli" P," Mohanty" S," Trivedi" C," Yan" RX,"
Horton"R,"Sanchez"JE,"Zagrodzky"J,"Bailey"S,"Gallinghouse"GJ,"Burkhardt"JD,"Natale"A."Efficacy"of"
Catheter" Ablation" in" Nonparoxysmal" Atrial" Fibrillation" Patients" with" Severe" Enlarged" Left"
Atrium"and" Its" Impact"on"Left"Atrial"Structural"Remodeling." J"Cardiovasc"Electrophysiol."2013;"
24:1224–31."
156.! Moravi" V," Yodwut" C," Jenkins" C," Ku"̈hl" H," Nesser" HJ,"Marwick" TH," Franke" A,"Winert" L," Niel" J,"
SteringerOMascherbauer" R," Freed" B," Sugeng" L," Lang" R." RealOtime" 3D" echocardiographic"
quantification"of"left"atrial"volume:"multicenter"study"for"validation"with"CMR."JACC"Cardiovasc"
Imaging."2012;"5:769–77."
157.! Grothues"F,"Smith"GC,"Moon"JC,"Bellenger"NG,"Collins"P,"Klein"HU,"Pennell"DJ." "Comparison"of"
interstudy" reproducibility" of" cardiovascular" magnetic" resonance" with" twoO" dimensional"
echocardiography" in" normal" subjects" and" in" patients" with" heart" failure" or" left" ventricular"
hypertrophy."Am"J"Cardiol."2002;"90:29–34.""
158.! Grothues"F,"Moon"JC,"Bellenger"NG,"Smith"GS,"Klein"HU,"Pennell"DJ."Interstudy"reproducibility"
of" right" ventricular" volumes," function"and"mass"with" cardiovascular"magnetic" resonance."Am"
Heart"J."2004;"147:218–23""
159.! Fredersdorf"S,"Ucer"E,"Jungbauer"C,"Dornia"C,"Eglmeier"J,"Eissnert"C,"Hamer"OW,"Weber"S,"Arzt"
M," von" Bary" C." Lone" atrial" fibrillation" as" a" positive" predictor" of" left" atrial" volume" reduction"
following"ablation"of"atrial"fibrillation."Europace."2014;"16:26–32."
160.! Tops" LF,"Delgado"V,"Bertini"M,"Marsan"NA,"Den"Uijl"DW,"Trines" SA," Zeppenfeld"K,"Holman"E,"
Schalij"MJ,"Bax"JJ."Left"atrial"strain"predicts"reverse"remodeling"after"catheter"ablation"for"atrial"
fibrillation."J"Am"Coll"Cardiol."2011;"57:"324–31."
161.! Gelsomino"S,"Luca"F,"Rao"C,"Parise"O,"Pison"L,"Wellens"F,"Maessen"J,"La"Meir"M."Improvement"of"
left" atrial" function" and" left" atrial" reverse" remodeling" after" surgical" treatment" of" atrial"
fibrillation."Ann"Cardiothorac"Surg."2014;"3:70O4."
162.! Demidenko"E."Sample"size"determination"for"logistic"regression"revisited."Statistics"in"Medicine."
2007;"26:3385O97."
163.! Greenland," S." An" introduction" to" instrumental" variables" for" epidemiologists." International"
Journal"of"Epidemiology."2000;"29:722–9.""
164.! Callans"DJ,"Gerstenfeld"EP,"Dixit" S," Zado"E,"Vanderhoff"M,"Ren" JF,"Marchilinski" FE." Efficacy"of"
repeat" pulmonary" vein" isolation" procedures" in" patients" with" recurrent" atrial" fibrillation." J"
Cardiovasc"Electrophysiol."2004;"15:1050O5."
165.! Cheema"A,"Dong"J,"Dalal"D,"Marine"JE,"Henrikson"CA,"Spragg"D,"Cheng"A,"Nazarian"S,"Bilchick"K,"
Sinha"S,"Scherr"D,"Almasry"I,"Halperin"H,"Berger"R,"Calkins"H."Incidence"and"time"course"of"early"
recovery"of"pulmonary"vein"conduction"after"catheter"ablation"of"atrial"fibrillation."J"Cardiovasc"
Electrophysiol."2007;"18:387O91."
!!
227!
166.! Rajappan" K," Kistler" P," Earley"M," Thomas"G," Izquierdo"M," Sporton" SC," Schilling" RJ." Acute" and"
chronic" pulmonary" vein" reconnection" after" atrial" fibrillation" ablation:" a" prospective"
characterization"of"anatomical"sites."Pacing"Clin"Electrophysiol."2008;"31:1598O605."
167.! Matsuo"S,"Yamane"T,"Date"T,"Inada"K,"Kanzaki"Y,"Tokuda"M,"Shibayama"K,"Miyanaga"S,"Miyazaki"
H," Sugimoto" K," Mochizuki" S." Reduction" of" AF" recurrence" after" pulmonary" vein" isolation" by"
eliminating" ATPOinduced" transient" venous" reOconduction." J" Cardiovasc" Electrophysiol." 2007;"
18:704O8."
168.! Yamane" T,"Matsuo" S,"Date" T," Lellouche"N,"Hioki"M,"Narui" R," Ito" K," Tanigawa" S," Yamashita" S,"
Tokuda" M," Yoshida" H," Inada" K," Shibayama" K," Miyanaga" S," Miyazaki" H," Abe" K," Sugimot" K,"
Yoshimura" M" ." Repeated" provocation" of" timeO" and" ATPOinduced" early" pulmonary" vein"
reconnections" after" pulmonary" vein" isolation:" eliminating" paroxysmal" atrial" fibrillation" in" a"
single"procedure."Circ"Arrhythm"Electrophysiol."2011;"4:601O8.""
169.! Wittkampf"F,"Nakagawa"H."RF"catheter"ablation:"lessons"on"lesions."Pacing"Clin"Electrophysiol."
2006;"29:1285O97."
170.! Thiagalingam" A," D'Avila" A," Foley" L," Guerrero" JL," Lambert" H," Leo" G," Ruskin" JN," Reddy" VY."
Importance"of"catheter"contact"force"during"irrigated"radiofrequency"ablation:"evaluation"in"a"
Porcine" Ex" Vivo" Model" using" a" forceOsensing" catheter." J" Cardiovasc" Electrophysiol." 2010;"
21:806O11."
171.! Holmes" D," Fish" JM," Byrd" IA," Dando" JD," Fowler" SJ," Cao" H," Jensen" JA," Puryear" HA," Chinitz" LA."
Contact" sensing" provides" a" highly" accurate" means" to" titrate" radiofrequency" ablation" lesion"
depth."J"Cardiovasc"Electrophysiol."2011;"22:684O90."
172.! Yokoyama"K,"Nakagawa"H," Shah"DC," Lambert"H," Leo"G,"Aeby"N," Ikeda"A,"Pitha" JV," Sharma"T,"
Lazzara"R," Jackman"WM."Novel" contact" force" sensor" incorporated" in" irrigated" radiofrequency"
ablation"catheter"predicts"lesion"size"and"incidence"of"steam"pop"and"thrombus."Circ"Arrhythm"
Electrophysiol."2008;"1:354O62."
173.! Kuck"KH,"Reddy"VY,"Schmidt"B,"Natale"A,"Neuzil"P,"Saoudi"N,"Kautzner"J,"Herrera"C,"Hindricks"G,"
Jais" P," Nakagawa" H," Lambert" H," Shah" DC." A" novel" radiofrequency" ablation" catheter" using"
contact"force"sensing:"Toccata"study."Heart"Rhythm."2012;"9:18O23."
174.! Datino" T,"Macle" L," Qi" XY,"Maguy" A," Comtois" P," Chartier" D," Guerra" PG," Arenal" A," FernandezO
Aviles" F," Nattel" S." Mechanisms" by" which" adenosine" restores" conduction" in" dormant" canine"
pulmonary"veins."Circulation."2010;"121:963O72."
175.! Chen"SA,"Hsieh"MH,"Tai"CT,"Tsai"CF,"Prakash"VS,"Yu"WC,"Hsu"TL,"Ding"YA,"Chang"MS."Initiation"of"
atrial" fibrillation" by" ectopic" beats" originating" from" the" pulmonary" veins:" Electrophysiological"
characteristics,"pharmacological"responses,"and"effects"of"radiofrequency"ablation."Circulation."
1999;"100:1879O86."
176.! Letsas"KP,"Efremidis"M,"Charalampous"C,"Tsikrikas"S,"Sideris"A."Current"ablation"strategies" for"
persistent"and"longOstanding"persistent"atrial"fibrillation."Cardiol"Res"Pract."2011;"2011:1O9."
177.! Verma"A,"Kilicaslan"F,"Pisano"E,"Marrouche"NF,"Fanelli"R,"Brachmann"J,"Geunther"J,"Potenza"D,"
Martin"DO,"Cummings" J,"Burkhardt" JD," Saliba"W,"Schweikert"RA,"Natale"A."Response"of"atrial"
fibrillation" to"pulmonary" vein" antrum" isolation" is" directly" related" to" resumption"and"delay"of"
pulmonary"vein"conduction."Circulation."2005;"112:627O35."
!!
228!
178.! Jiang"CY,"Fu"JW,"Matsuo"S,"Nault" I,"He"H,"Jiang"RH,"Liu"Q,"Fan"YQ,"Sheng"X,"Zhang"ZW,"Fu"GS."
Dissociated"pulmonary"vein"rhythm"may"predict"the"acute"pulmonary"vein"reconnection"postO
isolation"in"patients"with"paroxysmal"atrial"fibrillation."Europace."2011;"13:949O54."
179.! Oral"H,"Knight"B,"Ozaydin"M,"Tada"H,"Chugh"A,"Hassan"S,"Scharf"C,"Lai"SW,"Greenstein"R,"Pelosi"F"
Jr,"Strickberger"SA,"Morady"F."Clinical"significance"of"early"recurrences"of"atrial"fibrillation"after"
pulmonary"vein"isolation."J"Am"Coll"Cardiol."2002;"40:100O4."
180.! Richter"B,"Gwechenberger"M,"Socas"A,"Marx"M,"Gössinger"HD."Frequency"of"recurrence"of"atrial"
fibrillation"within"48"hours"after"ablation"and"its"impact"on"longO"term"outcome."Am"J"Cardiol."
2008;"101:843O7."
181.! Arya"A,"Hindricks"G,"Sommer"P,"Huo"Y,"Bollmann"A,"Gaspar"T,"Bode"K,"Husser"D,"Kottkamp"H,"
Piorkowski" C." LongOterm" results" and" the" predictors" of" outcome"of" catheter" ablation" of" atrial"
fibrillation"using" steerable" sheath" catheter" navigation" after" single" procedure" in" 674"patients."
Europace."2010;"12:173O80.""
182.! Schwartzman" D," Ren" JF," Devine" WA," Callans" DJ." Cardiac" swelling" associated" with" linear"
radiofrequency"ablation"in"the"atrium."J"Interv"Card"Electrophysiol."2001;"5:159O66."
183.! Ren"JF,"Callans"DJ,"Schwartzman"D,"Michele"JJ,"Marchlinski"FE."Changes" in" local"wall"thickness"
correlate" with" pathologic" lesion" size" following" radiofrequency" catheter" ablation:" and"
intracardiac"echocardiographic"imaging"study."Echocardiography."2001;"18:503O7."
184.! Neuzil"P,"Reddy"V,"Kautzner" J,"Petru" J,"Wichterie"D," Shah"D," Lambert"H,"Yulzari"A,"Wissner"E,"
Kuck"KH."Electrical"Reconnection"After"Pulmonary"Vein"Isolation"Is"Contingent"on"Contact"Force"
During"Initial"Treatment:"Results"From"the"EFFICAS"I"Study."Circ"Arrhythm"Electrophysiol."2013;"
6:327O33."
185.! Kautzner" J,"Neuzil"P,"Peichl"P."Contact"Force,"FTI"and"Lesion"continuity"are"critical" to" improve"
durable"PV"isolation:"EFFICAS"2"results"(abstr)."Heart"Rhythm."2012;"9:S28."
186.! Duncan"ER,"Finlay"M,"Page"SP,"Hunter"R,"Goromonzi"F,"Richmond"L,"Baker"V,"Ginks"M,"Ezzat"V,"
Dhinoja" M," Earley" MJ," Sporton" S," Schilling" RJ." Improved" electrogram" attenuation" during"
ablation" of" paroxysmal" atrial" fibrillation" with" the" Hansen" robotic" system." Pacing" Clin"
Electrophysiol."2012;"35:730O8."
187.! Haldar"S,"Jarman"J,"Panikker"S,"Jones"D,"Salukhe"T,"Gupta"D,"Wynn"G,"Hussain"W,"Markides"V,"
Wong"T."Contact"Force"Sensing"Technology"Identifies"Sites"of"Inadequate"Contact"and"Reduces"
Acute" Pulmonary" Vein" Reconnection:" A" Prospective" Case" Control" Study." Int" J" Cardiol." 2013;"
168:1160O6."
188.! Ziegler" PD," Glotzer" TV," Daoud" EG," Singer" DE," Ezekowitz"MD," Hoyt" RH," Koehler" JL," Coles" J" Jr,"
Wyse"DG."Detection"of"Previously"Undiagnosed"Atrial"Fibrillation" in"Patients"With"Stroke"Risk"
Factors"and"Usefulness"of"Continuous"Monitoring" in"Primary"Stroke"Prevention."Am"J"Cardiol."
2012;"110:1309–14."
189.! CluaOEspuny" JL,"BoschOPrincep"R,"RosoOLlorach"A,"LópezOPablo"C,"GiménezOGarcia"E,"GonzálezO
Rojas" N," LucasONoll" J," PaniselloOTafalla" A," LechugaODuran" I," GallofréOLopes" M.! Diagnosed,"
undiagnosed" and" overall" atrial" fibrillation" research" on" population" over" 60" yearsOold." AFABE"
study."Cardio"Vasc"Syst."2014;2:2."
!!
229!
190.! Wolf" RK," Schneeberger" EW,"Osterday" R,"Miller" D,"Merrill"W," Flege" JB" Jr," Gillinov"AM." VideoO
assisted" bilateral" pulmonary" vein" isolation" and" left" atrial" appendage" exclusion" for" atrial"
fibrillation."J"Thorac"Cardiovasc"Surg."2005;"130:797–802.""
191.! Katritsis"DG,"Pokushalov"E,"Romanov"A,"Giazitzoglou"E,"Siontis"GC,"Po"SS,"Camm"AJ,"Ioannidis"JP."
Autonomic"Denervation"Added"to"Pulmonary"Vein"Isolation"for"Paroxysmal"Atrial"Fibrillation."J"
Am"Coll"Cardiol."2013;"62:2318–25."
192.! La"Meir"M,"Gelsomino"S,"Luca"F,"Pison"L,"Colella"A,"Lorusso"R,"Crudell"E,"Gensini"GF,"Crijns"HG,"
Maessen"J."Minimal"invasive"surgery"for"atrial"fibrillation:"an"updated"review."Europace."2013;"
15:170–82."
193.! Di"Biase" L," Fahmy"TS,"Wazni"OM,"Bai" R," Patel"D," Lakkireddy"D," Cummings" JE," Schweikert" RA,"
Burkhardt" JD," Elayi" CS," Kanj"M," Popova" L," Prasad" S,"Martin" DO," Prieto" L," Saliba"W," Tchou" P,"
Arruda" M," Natale" A." Pulmonary" Vein" Total" Occlusion" Following" Catheter" Ablation" for" Atrial"
Fibrillation."J"Am"Coll"Cardiol."2006;"48:2493–9."
194.! Rostamian" A," Narayan" SM," Thomson" L," Fishbein"M," Siegel" RJ." The" incidence," diagnosis," and"
management"of"pulmonary"vein"stenosis"as"a"complication"of"atrial"fibrillation"ablation."J"Interv"
Card"Electrophysiol."2014;"40:63–74."
195.! Willems" S," Klemm" H," Rostock" T," Brandstrup" B," Ventura" R," Steven" D," Risius" T," Lutomsky" B,"
Meinertz"T."Substrate"modification"combined"with"pulmonary"vein"isolation"improves"outcome"
of" catheter" ablation" in" patients" with" persistent" atrial" fibrillation:" a" prospective" randomized"
comparison."Eur"Heart"J."2006;"27:2871–8."
196.! Kong"MH,"Piccini"JP,"Bahnson"TD."Efficacy"of"adjunctive"ablation"of"complex"fractionated"atrial"
electrograms" and" pulmonary" vein" isolation" for" the" treatment" of" atrial" fibrillation:" a" metaO
analysis"of"randomized"controlled"trials."Europace."2011;"13:193–204.""
197.! Parkash" R," Tang" ASL," Sapp" JL," Wells" G." Approach" to" the" Catheter" Ablation" Technique" of"
Paroxysmal" and" Persistent" Atrial" Fibrillation:" A"MetaOAnalysis" of" the" Randomized" Controlled"
Trials."J"Cardiovasc"Electrophysiol."2011;"22:729–38."
198.! Sanders" P," Berenfeld" O," Hocini" M," Jais" P," Vaidyanathan" R," Hsu" LF," Garrigue" S," Takahashi" Y,"
Rotter" M," Sacher" F," Scavee" C," PloutzOSnyder" R," Jalife" J," Haissaguerre" M." Spectral" Analysis"
Identifies"Sites"of"HighOFrequency"Activity"Maintaining"Atrial"Fibrillation"in"Humans."Circulation."
2005;"112:789–97."
199.! Gerstenfeld"EP,"Callans"DJ,"Dixit"S,"Zado"E,"Marchlinski"FE."Incidence"and"Location"of"Focal"Atrial"
Fibrillation"Triggers" in"Patients"Undergoing"Repeat"Pulmonary"Vein" Isolation:" implications" for"
ablation"strategies."J"Cardiovasc"Electrophysiol."2003;"14:685–90."
200.! Ullah,"W,"Hunter"RJ,"Baker"V,"Dhinoja"MB,"Sporton"S,"Earley"MJ,"Schilling"RJ."Target"indices"for"
clinical"ablation" in"atrial" fibrillation:" insights" from"contact" force,"electrogram,"and"biophysical"
parameter"analysis."Circ"Arrhythm"Electrophysiol."2014;"7:63–8."
201.! Ullah"W,"Hunter"RJ,"Haldar"S,"McLean"A,"Dhinoja"M,"Sporton"S,"Earley"MJ," Lorgat"F,"Wong"T,"
Schilling"RJ."Comparison"of"Robotic"and"Manual"Persistent"AF"Ablation"Using"Catheter"Contact"
Force" Sensing:" An" International"Multicenter" Registry" Study." Pacing" Clin" Electrophysiol." 2014;"
37:1427–35."
!!
230!
202.! Jarman"JWE,"Panikker"S,"Das"M,"Wynn"GJ,"Ullah"W,"Kontogeorgis"A,"Haldar"SK,"Patel"PJ,"Hussain"
W,"Markides" V," Gupta" D," Schilling" RJ,"Wong" T." Relationship" Between" Contact" Force" Sensing"
Technology"and"MediumOTerm"Outcome"of"Atrial"Fibrillation"Ablation:"A"Multicenter"Study"of"
600"Patients."J"Cardiovasc"Electrophysiol."doi:"10.1111/jce.12606"
"
!!
231!
Appendix! !
!! ! ! ! ! !
! ! ! ! !
A"Study"to"Assess"Catheter"Ablation"Versus"Thoracoscopically"Assisted"
Surgical"Ablation"in"Persistent"Atrial"Fibrillation"(CASAOAF)"
"
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
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We!invite!you!to!consider!taking!part!in!a!research!project!
We"would" like" to" invite" you" to" consider" taking" part" in" a" research" study" at" the" Royal" Brompton" &"
Harefield"NHS" Foundation" Trust." " Before" you" decide" it" is" important" for" you" to" understand"why" the"
research" is" being" done" and" what" it" will" involve" for" you." Please" take" time" to" read" the" following"
information"carefully"and"discuss"it"with"others"if"you"wish."Ask"us"if"there"is"anything"that"is"not"clear"
or" if" you"would" like"more" information." Take" time" to" decide"whether" or" not" you"wish" to" take" part."
Thank"you"for"reading"this.""
!
What!is!the!purpose!of!the!study?!
Atrial"fibrillation"(AF)"is"a"common"heart"condition"where"the"heart"does"not"beat"in"a"regular"rhythm."
This"can"cause"unpleasant"symptoms,"and"can"increase"the"risk"of"stroke."Traditionally,"AF"has"been"
treated"with"medication"and/or"electrical"therapy,"with"limited"success."Two"newer,"different"
procedures"that"are"used"to"treat"AF"are"catheter'ablation"and"thoracoscopically'assisted'surgical'
ablation."At"present"it"is"not"yet"certain"which"is"the"more"effective"treatment."This"study"is"part"of"a"
postgraduate"higher"degree"research"project,"and"its"aim"is"to"identify"the"better"treatment"for"this"
important"medical"condition."People"with"AF,"including"you,"could"potentially"be"eligible"for"either"
procedure,"but"you"will"be"offered"one"of"the"procedures"after"careful"consideration"of"your"individual"
medical"details."The"effects"of"each"treatment"will"be"assessed"after"the"treatment,"by"considering"any"
improvement"in"your"symptoms,"your"heart"pump"function"and"how"regular"your"heart"rhythm"is.""
!
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Why!have!I!been!invited?!
You" are" being" asked" to" participate" in" this" research" study" because" you" have" symptoms" (e.g."
palpitations)" due" to" a" condition" called" atrial" fibrillation" (AF)" and" you" have" been" identified" as" a"
potential"candidate."This"study"will"involve"a"total"of"60"participants.""
'
Background'to'the'research'study'
'
What!is!atrial!fibrillation?!
Normal"heart"rhythm"(known"as"sinus"rhythm)"depends"on"regular"electrical"activity"of"your"natural"
pacemaker"cells"–"the"sinus"node,"which"usually"‘fires’"at"about"60O100"beats"per"minute."The"impulse"
spreads"to"create"a"coordinated"contraction"of"the"heart"and"the"heart"rate"responds"appropriately"to"
the"needs"of"the"body."This"allows"the"heart"to"speed"up"with"activity"and"slow"down"on"resting."In"AF,"
however,"the"normal"sinus"rhythm"(SR)"is"lost"due"to"abnormal"electrical"activity"initiated"from"the"
main"veins"that"drain"blood"back"into"the"heart."This"results"in"the"upper"collecting"chambers"(atria)"
having"a"completely"chaotic"rhythm"(fibrillation),"which"no"longer"pumps"blood"effectively."At"the"
connection"to"the"lower"pumping"chambers,"the"heart"‘filters"out’"many"of"the"impulses"so"the"heart"
still"pumps"–"but"with"an"irregular,"often"fast,"heart"beat"which"may"respond"poorly"to"the"needs"of"
the"body."
"
How!is!atrial!fibrillation!treated!in!patients?!
There"are"two"alternative"treatment"strategies"for"AF"(rhythm"control"and"rate"control)"which"doctors"
may"use"to"try"to"improve"the"symptoms"related"to"it,"as"well"as"longerOterm"health:"
"
RhythmXcontrol!–!This"approach"attempts"to"restore"and"maintain"normal"SR."This"can"be"by"means"of"
electric"shock"treatment"(DC"cardioversion)'together"with"longOterm"tablet"medication,"or"by"more"
recently"available"‘cauterisation’"therapy"(catheter"or"thoracoscopic"surgical"ablation)."!
"
RateXcontrol!!X!Heart"rates"in"AF"can"be"very"variable"and"generally"tend"to"be"too"fast"putting"long"
term"‘stress’"on"the"heart."RateOcontrol"requires"patients"to"take"heartOrate"slowing"tablets"to"prevent"
very"fast"heart"rates"and"allow"the"heart"to"pump"more"efficiently."AF"itself"is"‘accepted’"as"the"longO
term"heart"rhythm.!
'
In"this"study"we"will"be"looking"at"patients"with"long"standing"AF,"who"have"tried"and"failed"tablet"
and/or"electrical"therapy"to"control"AF"and"remain"symptomatic."It"is"in"these"patients"where"the"need"
to"restore"normal"SR"is"very"important"and"this"study"will"concentrate"on"investigating1different1
rhythm=control1strategies"to"achieve"this."
!
!
!
How!might!this!study!help!identify!the!optimal!treatment?!
As"doctors"still"do"not"know"what"the"best"approach"is"in"treating"longOstanding"persistent"AF"there"is"
a"lot"of"ongoing"research"in"this"area."Catheter"ablation"–"a"fairly"recent"mode"of"treatment"O"has"been"
shown"to"achieve"modest"degrees"of"success"in"restoring"normal"SR"but"most"patients"do"require"
‘multiple’"ablation"treatments.""
"
Thoracoscopically"assisted"surgical"ablation"offers"patients"an"alternative"choice"of"therapy"to"catheter"
ablation."Small"keyhole"incisions"are"used"to"access"the"heart"instead"of"opening"up"the"chest"cavity"as"
in"traditional"openOheart"surgery."This"procedure"has"been"developing"in"the"last"few"years"with"small"
studies"showing"good"results"but"to"date"there"has"been"no"study"comparing"these"two"types"of"
treatment"in"patients"with"longOstanding"persistent"AF."Therefore"we"do"not"know"which"one"is"better"
and"this"has"prompted"us"to"conduct"this"study"to"try"and"help"answer"this"question."
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"
Do!I!have!to!take!part?!
It"is"up"to"you"to"decide"whether"or"not"to"take"part.""If"you"do"decide"to"take"part"you"will"be"given"
this"information"sheet"to"keep"and"be"asked"to"sign"a"consent"form"to"show"you"have"agreed"to"take"
part."You"may"choose"not"to"participate"in"this"study"or"you"may"leave"the"study"at"any"time"without"
giving"a"reason.""This"would"not"affect"the"standard"of"care"you"receive."
"
What!will!happen!to!me!if!I!take!part?!
We"will"first"check"that"you"meet"the"entry"criteria"and"are"willing"to"participate"in"all"parts"of"the"
study."If"you"are,"you"will"sign"a"consent"form"following"which"we"will"arrange"a"convenient"date"for"
you"to"undergo"‘baseline’"assessments"including"tests"of"heart"rhythm"and"function"(listed"below)."
These"tests"are"important,"as"they"will"allow"us"to"see"how"you"are"before"and"after"the"treatments."
The"tests"will"include"the"following:"O"
'
•! History!&!clinical!examination!–"similar"to"when"you"attend"for"an"outpatient"clinic.""
•! AF!Symptom!score"O"a"short"questionnaire"about"your"symptoms"that"takes"1"
!!!!minute"to"complete."
•! Blood!tests"O"blood"will"be"taken"for"routine"tests"(blood"count/kidney/liver/thyroid).""
!!!!Some"samples"will"be"stored"for"tests"looking"at"specific"proteins"relevant"to"heart""
""""function."
•! ECG!!X!to"check"you"are"in"AF."
•! Echocardiogram!O"you"are"likely"to"have"had"this"heart"ultrasound"scan"at""
!!!!some"point."It"looks"at"the"heart"muscle"and"valve"function"and"takes"20O25""
""""minutes."
•! Cardiac!MRI!scan!–!a"sophisticated"scan"that"looks"at"your"heart"in"great"detail""
!!!!and"takes"about"60"minutes."
•! Ambulatory!ECG!(wearable"heart"monitor)"O"you"will"wear"the"monitor"at"home"so"we"can"
!!""check"your"heart"rhythm"and"rate"during"routine"activities."The"recorder"should"be""
""""removed"if"you"have"a"bath"or"shower;"you"will"be"shown"how"to"put"it"back"on."We""
""""will"arrange"its"return"with"you."
"
After"these"tests"your"case"will"be"discussed"by"rhythm"specialists"and"cardiac"surgeons"and"a"
collective"clinical"decision"will"be"made"as"to"which"procedure"you"will"be"allocated"to:"
thoracoscopically!assisted"surgical!ablation"or"catheter!ablation.!"Your"consent"will"clearly"outline"
that"you"are"happy"to"allow"this"clinical"decision"to"be"made"by"the"panel"of"experts."You"will"then"be"
followed"up"over"a"period"of"12"months"after"which"your"participation"in"the"study"will"end."
If!I!participate!X!what!will!happen!if!I!am!assigned!to!surgical!ablation?"
!
What'is'thoracoscopically'assisted'surgical'ablation?'
The"procedure"is"a"minimally"invasive"surgical"technique"performed"under"general"anaesthetic."It"does"
not"involve"‘open"heart’"surgery;"instead"small"keyhole"incisions"are"made"on"both"sides"of"the"chest."
This"provides"access"to"the"areas"responsible" for"causing"AF,"which" is" the" left"upper"chamber"of" the"
heart" (left"atrium)."A"number"of" ‘heat" lesions’" (referred" to"as"ablation)"will"be"created"on" the"outer"
surface" of" the" left" atrium"by" applying" an" instrument" called" a" radiofrequency" clamp." These" ablation"
areas" will" develop" into" scars" to" isolate" the" areas" responsible" for" the" initiation" of" the" rhythm"
abnormality"allowing" the"heart" to"maintain"normal"SR."During" thoracoscopic" surgical"ablation"of"AF,"
only" a" selected" part" of" the" upper" heart" chambers" are" treated," so" the"main" pumping" chambers" are"
unaffected."
'
The'thoracoscopically'assisted'surgical'ablation'procedure"
You"will"be"admitted"to"a"hospital"ward"the"afternoon"before"or"morning"of"your"procedure,"where"
medical"staff"(including"an"anaesthetist)"will"assess"you."A"dripOtube"(cannula)"will"be"inserted"in"your"
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arm"for"routine"blood"tests"and"for"administering"medications."You"should"not"eat"or"drink"(except"sips"
of"water"to"take"tablets)"for"6!hours!before"your"procedure."
"
The"operation"itself"will"be"performed"whilst"you"are"asleep"under"general"anaesthesia"in"the"
operating"theatre"and"will"last"2O4"hours."No"blood"thinning"medication"will"be"used"during"the"
procedure"and"in"fact,"if"you"are"on"warfarin"this"will"have"been"stopped"5"days"before"the"procedure."
"
Once"you"are"under"anaesthetic,"a"special"camera"will"be"inserted"in"the"gullet"to"visualise"the"heart"
during"the"procedure"and"exclude"any"clots."Two"small"incisions"(5mm)"will"be"made"on"the"side"of"the"
chest"wall"to"allow"access"to"the"heart."One"of"these"incisions"will"be"subsequently"enlarged"(5cm)"and"
used"to"facilitate"the"introduction"of"instruments."The"right"side"of"the"heart"will"be"operated"on"first."
A"camera"and"specialised"instruments"will"be"used"to"facilitate"performance"of"the"operation"with"
radiofrequency,"a"special"energy"source,"used"to"create"heat"lesions"on"the"surface"of"the"heart"to"
eliminate"the"abnormal"areas"of"electrical"activity."These"heat"lesions"subsequently"turn"into"scar"
tissue,"which"stops"the"irregular"heart"rhythm"from"being"propagated"in"the"upper"chamber"of"the"
heart."The"procedure"will"then"be"repeated"on"the"left"side,"with"similar"incisions"on"the"left"side"of"
the"chest."If"you"remain"in"AF"despite"ablation,"you"may"undergo"an"electrical"shock"(DC"cardioversion)"
to"restore"SR."
In"addition,"the"atrial"appendage,"a"small"outpouching"of"the"upper"chamber"of"the"heart,"may"be"
excised"(removed)"depending"on"the"surgeon’s"assessment"of"feasibility"and"safety."The"benefit"of"this"
is"that"it"may"further"reduce"the"risk"of"stroke"caused"by"AF."If"it"is"excised,"a"biopsy"(small"sample"of"
this"tissue)"may"be"kept"and"stored"(for"a"maximum"of"5"years)"for"additional/future"research"at"the"
Royal"Brompton"&"Harefield"NHS"Foundation"Trust"site.""
"
At"the"end"of"the"operation"a"small"plastic"tube"will"be"positioned"in"the"chest"cavity"to"allow"drainage"
of"blood"(generally"removed"after"24O48"hrs)"and"the"incisions"will"be"closed."You"will"then"be"
observed"on"the"Intensive"Care"Unit"(ICU)"for"12O24"hours"and"transferred"to"a"ward"thereafter."You"
will"be"started"on"appropriate"painkillers"in"addition"to"your"normal"preoperative"medication"including"
warfarin"(warfarin"will"generally"be"started"the"day"after"the"procedure)."You"should"expect"to"be"in"
hospital"for"3O5"days."
The"benefits"of"the"procedure"can"take"3"months"to"become"fully"manifest"and"the"heart"may"go"back"
into"an"irregular"rhythm"in"the"early"(3"months)"postOoperative"period."This"does"not"signify"failure"of"
the"procedure"and"an"electric"shock"may"be"required"to"convert"the"heart"back"into"a"normal"SR."
'
You"will"then"be"followed"up"formally"at"regular"intervals"undergoing"the"same"assessments"and"
investigations"as"the"other"(catheter"ablation)"group"of"patients.""At"these"visits,"your"medication"will"
be"carefully"reviewed"and"adjusted"as"necessary"to"ensure"that"you"are"on"optimal"treatment."
"
If!I!participate!X!what!will!happen!if!I!am!assigned!to!catheter!ablation?!
1
What'is'catheter'ablation?'
Catheter"ablation"was"introduced"in"the"late"1980s"and"can"be"used"to"treat"many"heart"rhythm"
problems."This"minimally"invasive"procedure"has"been"adapted"and"developed"in"the"last"10"years"to"
treat"more"complex"rhythms"such"as"AF."It"is"performed"under"general"anaesthetic"by"passing"a"long"
wire"(catheter)"to"the"heart,"through"a"small"puncture"in"the"leg."Radiofrequency"energy"is"passed"
down"this"catheter"to"create"‘heat"lesions’"(ablation)"on"the"inner"surface"of"the"heart"(mainly"left"
atrium)"to"eliminate"the"abnormal"electrical"impulses."Subsequently,"those"areas"will"scar"and"isolate"
the"areas"responsible"for"the"initiation"of"the"rhythm"abnormality"allowing"the"heart"to"maintain"
normal"SR."Each"treated"area"is"very"small"(3O4mm)"so"the"technique"can"be"applied"in"an"accurate"
pointObyOpoint"fashion."During"catheter"ablation"of"AF,"only"a"selected"part"of"the"upper"heart"
chambers"are"treated,"so"the"main"pumping"chambers"are"unaffected.""
"
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The'catheter'ablation'procedure'
You"will"be"admitted"to"a"hospital"ward"the"afternoon"before"or"morning"of"your"procedure,"where"
medical"staff"will"assess"you,"including"an"anaesthetist."A"dripOtube"(cannula)"will"be"inserted"in"your"
arm"for"routine"blood"tests"and"for"administering"medications."You"should"not"eat"or"drink"(except"sips"
of"water"to"take"tablets)"for"6!hours!before"your"procedure."
"
The"procedure"itself"will"be"performed"whilst"you"are"asleep"under"general"anaesthesia"in"the"
operating"theatre"and"will"last"3O5"hours."Unlike,"thoracoscopic"surgical"ablation,"warfarin"does"not"
need"to"be"stopped"for"the"procedure"and"in"fact"additional"blood"thinning"medication""(heparin)"will"
be"used"during"the"procedure"to"minimise"clot"formation"on"the"equipment"used"(this"is"not"required"
for"thoracoscopic"surgical"ablation)."
"
Once"you"are"under"anaesthetic,"a"special"camera"will"be"inserted"in"the"gullet"to"visualise"the"heart"
during"the"procedure"and"exclude"any"clots"then,"via"a"small"puncture"in"your"groin"area"small"plastic"
tubes"will"be"placed"in"the"veins"and"possibly"the"artery."Thin"plasticOcoated"wires"called"catheters'will"
be"inserted"through"the"tubes"and"steered"to"the"heart."The"ablation"will"then"be"performed"using"
radiofrequency,"a"special"energy"source,"used"to"create"‘heat"lesions’"on"the"inner"surface"of"the"heart"
to"eliminate"the"abnormal"areas"of"electrical"activity."These"‘heat"lesions’"subsequently"turn"into"scar"
tissue,"which"stops"the"irregular"heart"rhythm"from"being"propagated"in"the"upper"chamber"of"the"
heart."If"you"remain"in"AF"despite"ablation,"you"will"undergo"an"electrical"shock"(DC"cardioversion)"to"
restore"SR."
"
At"the"end"of"the"procedure,"blood"thinning"will"be"stopped"and"the"tubes"removed"from"your"groin."
Some"patients"may"be"looked"after"in"intensive"care"or"‘recovery’"for"a"few"hours"before"returning"to"
the"ward."You"will"need"to"lie"flat"for"1O2"hours"after"the"procedure"to"reduce"the"chance"of"groin"
bleeding."You"will"continue"with"your"normal"preoperative"medication"and"typically,"you"will"be"
discharged"the"day"after"the"procedure"unless"you"require"other"medical"care."
"
The"benefits"of"the"procedure"can"take"3"months"to"become"fully"manifest"and"the"heart"may"go"back"
into"an"irregular"rhythm"in"the"early"(3"months)"postOablation"period."This"does"not"signify"failure"of"
the"procedure"and"an"electric"shock"may"be"required"to"convert"the"heart"back"into"a"normal"SR."
"
You"will"then"be"followed"up"formally"at"regular"intervals"undergoing"the"same"assessments"and"
investigations"as"the"other"(surgical"ablation)"group"of"patients.""At"these"visits,"your"medication"will"
be"carefully"reviewed"and"adjusted"as"necessary"to"ensure"that"you"are"on"optimal"treatment."
"
What!happens!if!I!get!a!recurrence!of!AF!after!3!months?!
Recurrence"of"AF"after'3'months'suggests"the"first"procedure"was"not"completely"effective"–"we"would"
then"offer"a"second"ablation"procedure,"as"per"standard"practice."All"cases"at"this"stage"will"be"
performed"by"catheter"ablation"regardless"of"your"initial"procedure"(it"is"technically"difficult"to"
perform"a"second"thoracoscopic"surgical"procedure)."A"recurrence"generally"indicates"that"you"need"
some"‘top"up’"ablation,"which"is"best"provided"by"catheter"ablation."For"those"who"have"had"an"initial"
catheter"ablation"we"know"that"a"significant"proportion"of"patients"do"need"more"than"one"ablation"
procedure"to"achieve"longOterm"remission"from"AF."
"
If"after"2"procedures,"further"procedures"are"clinically"required,"they"will"be"conducted"outside"of"the"
study"protocol"as"the"study"wishes"to"evaluate"outcomes"having"had"a"maximum"of"2"procedures."In"
any"case,"it"is"difficult"to"fit"in"more"than"2"procedures"within"the"study"timeframe."
!
What!followXup!will!I!receive!after!my!ablation!procedure?!
We"would"like"to"find"out"about"the"effect"of"each"type"of"treatment"with"regard"to"your"symptoms,"
heart"rhythm"and"heart"function."Hence"we"will"arrange"a"followOup"timetable"with"you"(as"below)"for"
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repeat"tests"after"your"ablation"treatment."The"same"followOup"schedule"applies"to"patients"having"
either"type"of"ablation"treatment.""
"
The"tests"include"all"the"same"things"you"would"have"had"at"the"start"of"the"study"such"as"ECGs,"blood"
tests,"a"small"wearable"ECG"heart"monitor,"a"symptom"questionnaire"and"cardiac"MRI"scans."You"will"
not"have"all"of"these"tests"at"each"visit"but"a"selection"from"them"and"this"is"detailed"below"in"the"
followOup"schedule"(boxes"below)."At"each"followOup"visit,"all"the"tests"are"performed"that"same"day"
and"you"will"be"carefully"assessed"and"your"medical"treatments"reviewed"and"adjusted"as"necessary."
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
After"this"time,"the"study"will"be"completed,"and"you"will"be"referred"back"to"your"original"specialist"
doctor."We"will"then"analyse"all"the"results"from"the"patients"who"have"participated"in"the"study."Once"
the"data"analysis"is"complete,"we"aim"to"publish"the"results"in"scientific"journals"and"present"them"at"
scientific"meetings."All"participants"will"be"notified"of"the"outcomes,"via"your"GP"or"in"person."If"you"
continue"to"require"specialist"heartOrhythm"care,"you"will"be"offered"further"follow"up"in"an"
appropriate"cardiology"clinic"at"Royal"Brompton"or"Harefield"Hospital."
"
Are!there!any!financial!incentives!for!participation?!
There"are"no"financial"incentives"for"participation."
!
What!will!I!have!to!do?!
Involvement" in" this" study"should"not" impose"any"restrictions" to"your"current" lifestyle." "There"are"no"
specific"dietary"restrictions."After"a"procedure"it"is"generally"advised"that"you"should"not"drive"for"3O5"
days"afterwards."Otherwise"you"can"drive,"drink,"take"part"in"sport"or"indeed"do"anything"that"is"within"
the"purview"of"the"advice"given"by"your"doctor"considering"your"atrial"fibrillation."You"will"be"required"
to"continue"taking"the"medications"that"have"been"prescribed"earlier"unless"instructed"otherwise."
!
What!are!the!alternatives!for!diagnosis!or!treatment?!
You"do"not"have"to"participate"in"this"study"to"receive"treatment"for"your"condition."The"other"form"of"
treatment"is"using"various"tablets,"which"you"are"already"likely"to"be"on.""
""
What!are!the!possible!disadvantages!and!risks!of!taking!part?!
Your"safety"is"of"utmost"importance"to"us."We"appreciate"that"all"medical"treatments"involve"some"
degree"of"risk,"but"this"is"offset"against"their"potential"benefits."Neither"arm"of"the"study"involves"
experimental"treatments"in"that"both"thoracoscopic"surgical"ablation"and"catheter"ablation"therapies"
3XMonth!FollowXUp""
ECG"&"Ambulatory"ECG"monitor"
AF"Symptom"Score"
Blood"tests"
Cardiac"MRI"
"
6XMonth!FollowXUp""
ECG"&"Ambulatory"ECG"monitor"
AF"Symptom"Score"
"
9XMonth!FollowXUp""
ECG"&"Ambulatory"ECG"monitor"
AF"Symptom"Score"
Blood"tests"
Cardiac"MRI"&"Echocardiogram"
"
12XMonth!FollowXUp""
ECG"&"Ambulatory"ECG"monitor"
AF"Symptom"Score"
Blood"tests"
"
"
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are"recognised"treatments"for"patients"with"AF."Royal"Brompton"and"Harefield"NHS"Foundation"Trust"
is"one"of"the"largest"UK"centres"for"catheter"ablation"for"AF."Although"thoracoscopically"assisted"
surgical"ablation"is"a"relatively"new"procedure,"our"surgeons"have"extensive"experience"in"
thoracoscopic"surgery"and"surgical"ablation"and"they"will"be"combining"these"two"skills"to"provide"the"
thoracoscopic"ablation"procedure."Hence,"highly"experienced"health"care"professionals"will"oversee"
your"care."
"
All"procedures"involving"the"heart"carry"a"small"risk"of"a"significant"complication."However,"this"should"
be"balanced"against"both"the"longOterm"risk"of"stroke/major"bleeding"(if"remaining"in"AF"and"on"
warfarin)"–"approximately"1%"per"year,"the"benefits"of"being"back"in"normal"sinus"rhythm,"and"the"
possibility"of"side"effects"and"adverse"reactions"on"rhythmOcontrol"medication.""
"
There"are"small"risks"associated"with"general"anaesthesia"and"use"of"the"ultrasound"camera"that"is"
placed"in"the"gullet."During"the"procedure"small"amounts"of"intravenous"contrast"(dye)"may"be"used"
during"catheter"ablation"which"carries"a"very"small"risk"of"an"allergic"reaction"requiring"treatment"
(0.01%)"patients"with"an"increased"risk"to"approximately"0.05%"in"asthmatics"or"patients"with"food"
and"drug"allergies,"and"in"patients"with"prior"reaction"to"contrast."A"special"type"of"contrast"(low"
osmolar)"is"used"in"all"cases"to"minimise"these"risks."The"risk"of"death"is"exceedingly"low,"between"
0.001"–"0.0001%.""
"
The"catheter"ablation"procedure"itself"is"associated"with"the"following"possible"complications,"of"which"
you"should"be"aware:"
"
•! Stroke"or"other"major"blood"clots"0.5O1%"risk.""
•! Cardiac"tamponade"in"1O2%"of"cases,"this"is"blood"leak"around"the"heart"during"or"after"the"
procedure"which"may"require"a"small"plastic"tube"to"be"inserted"to"drain"the"fluid."Rarely,"in"about"
1"in"500"cases"(0.2%),"the"leakage"has"to"be"operated"on"by"open"chest"surgery."
•! Narrowing"of"a"blood"vessel"(pulmonary"vein"stenosis)"that"carries"blood"from"the"lungs"back"to"the"
heart."Rare"with"modern"ablation"techniques"with"a"risk"of"0.5%."
•! Bruising"and"other"problems"relating"to"blood"vessel"damage"may"occur"but"usually"resolve"
spontaneously"or"with"minor"treatment"with"only"1O2%"risk"of"significant"complications"
•! The"nerve"responsible"for"the"movement"of"one"side"of"the"breathing"muscle"(diaphragm)"can"
rarely"be"damaged"by"ablation"in"0.3%"of"cases"and"is"generally"reversible"over"time."
•! Inadvertent"ablation"of"the"specialised"conducting"tissues"of"the"heart"can"require"insertion"of"a"
permanent"pacemaker"but"the"risk"is"very"low"at"approximately"0.25%."
•! LifeOthreatening"complications"are"rare:"according"to"a"worldwide"survey,"the"risk"of"death"
associated"with"catheter"ablation"of"AF"is"0.1%."
"
Can!you!tell!me!more!about!the!exposure!to!ionising!radiation?!
You"will"be"exposed"to"some"radiation"if"you"have"catheter"ablation"procedures"in"the"same"way"as"
you"would"if"you"were"not"taking"part"in"this"study."We"are"all"exposed"to"natural"background"
radiation"every"day"of"our"lives,"and"each"XOray"or"nuclear"medicine"examination"adds"a"small"
additional"dose"on"top"of"this."A"catheter"ablation"is"equivalent"to"1"to"4"years"of"natural"background"
radiation,"depending"on"how"long"the"procedure"lasts."Such"radiation"exposure"may"slightly"increase"
the"risk"of"developing"cancer"many"years"or"decades"later."To"quantify"this,"we"have"worked"out"the"
maximum"exposure"you"could"receive"under"this"study"protocol"O"three'ablation"procedures"(likely"
only"to"be"two),"each"with"the"maximal"permitted"XOray"dose"(i.e.'the'majority'of'patients'will'receive'a'
much'lower'dose,'thus'the'following'risk'is'an'overestimate'on'both'counts)."At"this"level"of"exposure,"
about"1"in"700"people"may"acquire"a"cancer"during"their"whole"lifetime."We"all"have"about"a"1"in"3"to"1"
in"4"chance"of"getting"cancer"during"our"lives,"so"the"actual"increase"in"risk"is"small"(e.g."33.3%"
increased"to"33.5%)."Skin"injury"such"as"redness"similar"to"sunburn"may"rarely"occur,"but"should"not"
occur"using"modern"XOray"equipment"and"methods."Total"radiation"dose"at"ablation"will"be"minimised"
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by"use"of"pulsed"XOray"and"special"mapping"systems."
!
Are!there!any!benefits!to!me!if!I!participate!in!the!study?!"
The"reason"we"are"performing"the"study"is"to"establish"which"form"of"treatment"is"better"in"restoring"
normal"SR"in"patients"with"longOstanding"persistent"AF."It"will"help"provide"valuable"information"for"
the"management"of"this"condition"but"at"present"we"do"not"know"which"of"the"two"treatment"groups"
will"benefit"more."In"addition,"it"is"possible"that"participants"may"benefit"from"being"in"the"clinical"trial"
simply"because"of"undergoing"more"detailed"tests"and"slightly"more"frequent"visits"to"see"doctors"than"
usual"(depending"on"your"previous"circumstances)."This"might"provide"the"opportunity"for"us"or"your"
doctor"to"look"after"any"heart"problems"more"closely"and"to"pickOup"any"other"health"related"problems"
sooner"than"in"routine"clinical"care."
!
What!happens!when!the!research!study!stops?!
At"the"end"of"the"research,"your"care"will"continue"as"usual."
"
Are!there!any!reasons!why!I!should!not!participate!in!the!study?!"
You"should"not"take"part"in"this"study"if"you"are"pregnant"or"if"you"are"planning"to"become"pregnant."
You"will"not"be"able"to"participate"in"any"other"clinical"trial"for"the"entire"period"you"are"participating"
in"this"trial.""
!
What!if!relevant!new!information!becomes!available?!
Sometimes" during" the" course" of" a" research" study," new" information" becomes" available" about" the"
treatment"that"is"being"studied.""If"this"happens,"we"will"tell"you"about"it"and"discuss"with"you"whether"
you"want"to"continue"in"the"study.""If"you"decide"not"to"carry"on"we"will"make"arrangements"for"your"
care"to"continue.""If"you"decide"to"continue"in"the"study"you"may"be"asked"to"sign"an"updated"consent"
form.""Also,"on"receiving"new"information"we"might"consider"it"to"be"in"your"best"interests"to"withdraw"
you"from"the"study.""We"will"explain"the"reasons"and"arrange"for"your"care"to"continue."
!
What!if!I!do!not!want!to!carry!on!with!the!study?!"
If"you"do"not"want"to"take"part"in"this"study,"you"will"receive"standard"care"as"determined"by"your"
doctor."Your"participation"in"this"study"is"voluntary"and"you"may"withdraw"from"the"study"at"any"time"
without"prejudice"to"your"future"medical"care."Should"you"decide"to"withdraw"from"the"study"for"any"
reason,"you"are"asked"to"contact"Dr"Shouvik"Haldar"immediately"via"the"Royal"Brompton"Hospital"
switchboard,"research"office"number"0207"352"8742"or"email"shouvikhaldar@nhs.net."Should"your"
participation"in"the"study"be"terminated,"regardless"of"the"reason,"you"will"not"suffer"any"penalties"or"
loss"of"benefits"to"which"you"are"otherwise"entitled.""
!
What!if!there!is!a!problem?!
If"you"have"a"concern"about"any"aspect"of"this"study,"you"should"ask"to"speak"to"the"researchers"(Dr"
Shouvik"Haldar"via"the"Royal"Brompton"Hospital"switchboard"or"020"7352"8742"or"
shouvikhaldar@nhs.net)"who"will"do"their"best"to"answer"your"questions."If"you"remain"unhappy"and"
wish"to"complain"formally,"you"can"do"this"through"the"NHS"Complaints"Procedure"via"Royal"Brompton"
and"Harefield"Patient"Advice"and"Liaison"Service"(PALS)."
"
What!if!something!goes!wrong?!1
In"the"event"that"something"does"go"wrong"and"you"are"harmed"during"the"study"due"to"
someone’s"negligence"then"you"may"have"grounds"for"legal"action"for"compensation"against"
the"Royal"Brompton"and"Harefield"NHS"Foundation"Trust"but"you"may"have"to"pay"your"legal"
costs."The"normal"National"Health"Service"complaints"mechanisms"will"still"be"available"to"
you."NHS"indemnity"does"not"offer"noOfault"compensation"i.e."for"nonOnegligent"harm,"and"
NHS"bodies"are"unable"to"agree"in"advance"to"pay"compensation"for"nonOnegligent"harm."
!!
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"
!
Will!my!taking!part!in!the!study!be!kept!confidential?!
If"you"do"decide"to"participate"you"will"be"assigned"a"participant"code,"which"will"be"used"as"a"patient"
identifier." This" will" mean" that" all" information" that" is" collected" about" you" during" the" course" of" the"
research"will"be"kept"strictly"confidential"and"be"anonymised.""Any"information"about"you"that"leaves"
the"hospital"will"also"have"your"all"of"your"personal"details"removed"so"that"you"cannot"be"recognised"
from"it.""We"will"request"your"consent"before"informing"your"GP"about"your"participation"in"the"study."""
!
Will!my!General!Practitioner!/!Family!doctor!(GP)!be!informed!of!my!involvement?!
Provided"you"consent"to"this,"your"GP"will"be"informed"that"you"are"participating"in"the"study"and"kept"
informed"of"your"medical"progress."We"may"exchange"information"regarding"your"general"medical"
health"with"your"GP.""
!
!
!
What!will!happen!to!the!results!of!the!research!study?!
Your" medical" records" will" be" made" available" for" review" by" the" study" investigators" and" regulatory"
authorities"(who"periodically"check"that"the"studies"are"being"carried"out"correctly)."The"information"in"
these"records"will"be"kept"confidential"but"on"rare"occasions"the" law"may"require"disclosure"to"third"
parties." At" the" end" of" the" project" all" the" research" results" are" gathered" together" and" analysed." The"
researchers"have"a"professional"responsibility"to"publish"their"findings,"however"your"identity"will"not"
be"revealed." "Most"research" is"published" in"the"medical"press"–" if"you"are" interested" in"knowing"the"
overall" results" of" the" study," ask" the" researchers" about" this." " You" are" entitled" to" see" any" results" or"
information"about"you"under"the"Freedom"of"Information"Act.""
"
Who!is!organising!and!funding!the!research?!
Royal'Brompton'and'Harefield'Hospital'NHS'Foundation'Trust' is"sponsoring"the"research"but"there"is"
no"external" funding"for"this"research"to"be"carried"out."The"doctors"conducting"the"research"are"not"
being"paid"for"including"you"in"the"study."""
"
Who!has!reviewed!the!study?!
All"research"in"the"NHS"is"looked"at"by"an"Independent"group"of"people,"called"a"Research"Ethics"
Committee"to"protect"your"safety,"rights,"wellbeing"and"dignity.""This"study"has"been"reviewed"and"
given"favourable"opinion"by"Oxfordshire"REC"A"Research"Ethics"Committee."In"addition"approval"has"
been"gained"from"Royal'Brompton'and'Harefield'Hospital'NHS'Foundation'Trust'Research"&"
Development"Offices."
"
Contact!for!Further!Information!
If"you"would"like"any"further"information"about"the"study,"either"now"or"at"time"during"the"course"of"
the"study,"please"ask"a"member"of"the"Research"Team"at:"
!
Dr!Shouvik!Haldar,!Research"Fellow"in"Cardiac"Electrophysiology'
Email:"shouvikhaldar@nhs.net,"or"telephone"the"research"office"number"0207"352"8121"Extn"8742."
!
Alexandra!Wise,!BHF"Arrhythmia"Nurse"Specialist"O"Ask"for"bleep"1146"via'Brompton"switchboard"
Email'a.wise@rbht.nhs.uk""
"
For"urgent"matters"outside"of"normal"working"hours,"you"may"contact:"
OnXcall!cardiology!registrar,"via"Brompton"switchboard"
"
Thank"you"for"taking"the"time"to"consider"this"study.""If"you"do"choose"to"participate,"you"will"be"given"
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a"copy"of"this"information"sheet"to"keep"and"also"a"copy"of"the"consent"form"that"you"will"be"asked"to"
sign.!
!
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"
"
A"Study"to"Assess"Catheter"Ablation"Versus"Thoracoscopic"Surgical"
Ablation"in"Persistent"Atrial"Fibrillation"(CASAOAF)"
"
Study"Number:" ""Patient"Identification"Number"for"this"trial:"""""""
Name"of"Researcher:"Dr"Tom"Wong""""""""""""""""""""""""""""""""""""""""""""""""Please!initial!box!if!you!agree"
""""""""""""""""""""""""""""""""""""""""""""! ! ! ! ! "
1." I"confirm"that"I"have"read"and"understand"the"information"sheet"dated"14/03/2011""""""""!
" (version"7)"for"the"above"study."I"have"had"the"opportunity"to"consider"the""
""""""information,"ask"questions"and"have"had"these"answered"satisfactorily."
"
2." I"understand"that"my"participation"is"voluntary"and"that"I"am"free"to"withdraw"at"any""""""!" "
""""""""time,"without"giving"any"reason,"without"my"medical"care"or"legal"rights"being"affected.""
"
3." I"understand"that"relevant"sections"of"any"of"my"medical"notes"and"data"collected"" """"""!""
"""""""during"the"study,"may"be"looked"at"by"researchers"involved"in"the"study,"or"responsible"
"""""""individuals"involved"in"the"study,"from"regulatory"authorities"or"from"the"NHS"Trust,""
"""""""where"it"is"relevant"to"my"taking"part"in"this"research.""I"give"permission"for"these"individuals"to"
have"access"to"my"records."
"
4."""I"agree"to"blood"samples"being"taken"for"analysis,"and"kept"and"stored,"if"required,"for"""""!"
""""""future"analysis."I"understand"that"no"genetic"tests"will"be"performed"on"this"blood.""
""""
5." I"agree"to"any"biopsy"samples"being"taken,"to"be"kept"and"stored,"if"required,"for"""""""""""""!"
""""""additional"/"future"research."
"
6."""I"agree"for"the"allocation"of"my"first"procedure"to"be"decided"by"a"panel"of"experts""""""""""""!"
""""""as"stated"in"the"patient"information"sheet" " """"""""
"
7." I"agree"to"my"GP"being"informed"of"my"participation"in"the"study""""""""""""""""""""""""""""""""""""""""!"
" " " """"""""
I"hereby"agree"to"take"part"in"the"above"research"study."
"
________________________" ________________" ____________________"
Name"of"Patient" Date" Signature"
"
"
_________________________" ________________" ____________________"
Name"of"Person"taking"consent" Date" Signature"
(if"different"from"researcher)"
"
_________________________" ________________" ____________________"
Researcher" Date" " Signature"
"
When"completed,"1"for"patient;"1"for"researcher"site"file;"1"(original)"to"be"kept"in"medical"notes"
"
"
"
CONSENT!FORM"
!!
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CASAXAF!Patient!Study!ID!number!_______________!
"
"
"
Sex"""! !Male!!/!!Female!!
"
Confirm"Inclusion/Exclusion"Criteria"Met!!!!_______________!
"
STUDY"ARM" """"""""""""""""THORACOSCOPIC!ABLATION! ! !!!!!CATHETER!ABLATION"
"
"
"
"
DATE"OF"ENROLLMENT"(baseline"investigations)"""""""""""""_______________"
"
DATE"OF"INDEX"PROCEDURE"to"mark"start"of"follow"up"""""""_______________!
!
!
DATE"OF"6/52"ECG"followOup""""""""""""""""""""""""""""""""""""""""""""""""""""_______________"
!
DATE"OF"3M"followOup" " """"""""""""""""""""""""""""""""""""""_______________"
"
DATE"OF"6M"followOup"" " """"""""""""""""""""""""""""""""""""""_______________"
""""""""
DATE"OF"9M"followOup" " """"""""""""""""""""""""""""""""""""""_______________!
'
DATE"OF"12M"followOup"" """"""""""""""""""""""""""""""""""""""_______________!
'
!
Inclusion!
1.! Age"≥18"years"and"≤"80"
2.! Symptomatic"persistent"AF"(≥1≤5"years),"refractory"to"at"least"1"AAD"and/or"DCCV"
3.! Patient"is"legally"competent"and"willing"and"able"to"sign"informed"consent"form"
4.! Patient"is"willing"and"able"to"adhere"to"follow"up"visit"protocols"for"the"duration"of"the"study"
"
Exclusion!Criteria!
1.! Left"ventricular"ejection"fraction"<"40%"
2.! Cardiovascular"implantable"electronic"device"(contraindicates"MRI"imaging)"
3.! Contraindication"to"anticoagulation""
4.! Thrombus"in"the"LA"despite"anticoagulation"""
5.! CVA"within"the"previous"6"months""
6.! Previous"thoracic"&"cardiac"surgery"(including"interventions"for"AF"such"as"CoxOmaze"procedure)"
7.! Prior"LA"catheter"ablation"with"the"intention"to"treat"AF""
8.! Prior"AV"nodal"ablation""
9.! Patients"actively"participating"in"another"research"study"will"be"not"be"permitted"to"enrol."Patients"who"
have"been"involved"with"other"research"studies"will"be"able"to"participate"after"a"minimum"period"of"3"
months"after"completion"of"prior"study"follow"up."
10.! CoOmorbid"condition"that"in"opinion"of"investigator"confers"undue"risk"of"GA"or"thoracoscopic"surgery."
CASAXAF!Patient!Study!ID!number!_______________!
!
BASELINE!ASSESSMENT!
!
PAST!MEDICAL!HISTORY!!
!!
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(free'text)'
!
!
!
!
!
!
!
!
!
Coronary"artery"disease"" ""Y/N!!!!!!!!!!!!!!!Myocardial"infarction"""Y/N!
Percutaneous"coronary"intervention"" ""Y/N"
CABG" " " " " ""Y/N"
Valve"operation"" " ""none,!MV!repair,!MVR,!AVR,!other_______!
Implantable"Device"NOT"inOsitu"!""""""""""""""!
"
COPD/asthma" ""Y/N" " """""""""""""Smoking"""""""""""""Current!/!exX!(>3months)!/!never!
Diabetes" ""Insulin!/!tablet!/diet!/!N!!
Thyroid"" ""Hyper!/!Hypo/!N!""""""""""""""""""""""""""""
Hypertension" ""Y/N""""""""""""""""""""""""""""""""""""""""""""""""""""Renal"disease""" " Y/N"
CVA" """""""""""""""Y/N""""""""""""""""""""""""""""""""""""""""""""""""""""TIA" " " Y/N"
"
Comments/Other"(free"text)"________________________________________________________"
"
!
ARRHYTHMIA!CHARACTERISTICS!
"
First"known"AF" " ______________"
"
Duration"of"AF" " " ______________"(should"be"longOstanding"persistent">1"<"5"years)!
"
Past"DC"cardioversion?" "N/"Y"O"number:"1,2,3,!>3!
Previous"SVT" " " "Y/N"""""""""""""""""""""""""""""""""""""""""""""Previous"typical"flutter" " "Y/N"
Prior"AV"node"ablation""""""""""""""Y/N""""""""""""""""""""""""""""""""""Prior"other"(nonOAF)"ablation" """"""""""""""Y/N"
!
SYMPTOMS"
Palpitation" " " """""""""""""Y/N"
Syncope" " " " Y/N"
Angina" " " " """""""""""""Y/N"
Breathlessness" " " Y/N!
Orthopnoea"(no."pillows)!! ! (n=____)!
PND" ! ! ! !!!!!!!!!!!!!Y/N"
Ankle"swelling" " " """""""""""""Y/N"
Fatigue"" " " """""""""""""Y/N!
Comments" ____________________________"
!
!
!!
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MEDICATION!!!!!!!!!!!!!!!!!!!!!!!!!!!!!Allergy"Y/N!______________"""Warfarin"dose"(mg)"___________!
"
"
Baseline!
" "
"
3/12!
"
6/12!
!
!
9/12!
!
12/12!
Drug"Name" Dosage"(mg)/"
day"
!
!
! ! ! ! !
!
!
! ! ! ! !
!
!
! ! ! ! !
!
!
! ! ! ! !
!
!
! ! ! ! !
!
!
! ! ! ! !
!
!
! ! ! ! !
!
!
! ! ! ! !
!
!
! ! ! ! !
"
"
Previous/failed"AADs:" None!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!Amiodarone!
Sotalol!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!class!I!
other!
!
Comments_____________________________________!
!
!
!
CLINICAL!EXAMINATION!
"
DATE____________"""""""
"
Height" "______m! ! Weight" "______kg!
"
BP"(mmHg)"""________!/_________"
Heart"rate:""""________bpm!
" "
JVP:""" " normal!!/raised!/!markedly!raised!(>10cm)!
"
Murmur" none!! ! systolic!diastolic!____________________!
"
3rd"HS" " Y/N! ! 4th"HS" " Y/N!
"
Chest" " normal!! !
!!
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crepitations! ! wheeze!
reduced!breath!sounds!dull!to!percussion!
"
P."oedema:" none! mild!(ankle)' moderate!(knee)! severe!(thigh4sacral)!
"
Comments:"____________________"
!
!
!
!
!
!
!
!
!
INVESTIGATIONS!
Date__________"
Comments"___________________________________________________"
!
Blood"tests."!"
Hb"(g/dl)" " """Plts"(x109/L)" " """"WCC"(x109/L)""""""""""""""""""""""""INR"
Na""(mmol/L)" " """K"(mmol/L)" " """"Urea"(mmol/L)"""""""""""""""""""""Creat"(µmol/L)"
Bili"(µmol/L)" " """ALP"(U/L)" " """"ALT"(IU/L)" " """""""""""Albumin"(g/L)"
CRP"(mg/L)"""""""""""""""""""""""fT4"(pmol/L)""""""""""""""""""TSH"(IU/L)"
BNP""(pmol/L)""""""""""""""""""TGF"Beta""""""""""""""""""""""""ANP"
!
ECG!! "
QRS"rate"(bpm)"" ______"
Rhythm"at"evaluation:" " sinus,!AF,!AT,!other!_______"
QRSd"(ms)" " " ______"
Axis"(degrees)" " " ______"
LBBB/RBBB" " " no,!LBBB,!RBBB,!other!_______!
"
CARDIAC!MRI!"!"
"
ECHOCARDIOGRAM!!! !
!
AF!SYMPTOM!SCORE!! !!!Score"______"
!
CHADSVASC!!! !!!!Score!_______!
"
!!
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SF!36!QUESTIONNAIRE!! !!!!Score"_______"
"
!
!
!
!
Blanking!Period!6/52!ECG!!
!
ECG!! "
QRS"rate"(bpm)"" " ______"
Rhythm"at"evaluation:" " sinus,!AF,!AT,!other!_______"
If!Atrial!Arrhythmia!at!6/52!book!date!for!DCCV!within!4/52"____________"
!
!
!
!
!
!
!
!
FollowXup!3!Months!
!
Any!major!adverse!event:" " " Y/N"
If'y''_______________________________________________________'
"
Any"unplanned"hospital"admission?" Y/N""________________________"
"
Significant"clinical"event?" " Y/N"________________________"
"
!
!
!
!
!
!
3!month!CLINICAL!EXAMINATION!
"
DATE____________"
"
Height" " ______m! ! Weight" " ______kg!
BP"(mmHg)"""________/_________"
Heart"rate:""""________bpm!
!!
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" "
JVP:""" " normal!raised! ! markedly!raised!(>10cm)!
"
Murmur" none!! ! systolic!diastolic!____________________!
"
3rd"HS" " Y/N! ! 4th"HS" " Y/N!
"
Chest" " normal!! !
crepitations! ! wheeze!
reduced!breath!sounds!dull!to!percussion!
"
P."oedema:" none! mild!(ankle)' moderate!(knee)! severe!(thigh4sacral)!
"
Comments:"____________________"
!
!
!
!
!
!
!
!
!
!
!
3!month!INVESTIGATIONS!
!
Date__________"
Comments"(free"text)___________________________________________________"
"
Blood"tests"!"
BNP"(pmol/L)" " _________________!
TGF"beta" " _________________"
ANP" " """""""""""""""________________"
!
ECG!! "
QRS"rate"(bpm)"" " ______"
Rhythm"at"evaluation:" " sinus,!AF,!AT,!other!_______"
"
CARDIAC!MRI!"!"
!
AF!SYMPTOM!SCORE!! !!!!Score"_____"
!
CHADSVASC!!! !!!!Score!_______!
"
SF!36!QUESTIONNAIRE!! !!!!Score"______!
!!
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!
AMBULATORY!ECG!MONITORING!!! !
!
!
If!Atrial!Arrhythmia!at!3/12!–!Book!date!for!reXdo!procedure_________________!
!
!
!!
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!!
FollowXup!6!MONTHS!
!
Any!major!adverse!event:" " " Y/N"
If'y''_______________________________________________________'
"
Any"unplanned"hospital"admission?" Y/N""________________________"
"
Significant"clinical"event?" " Y/N"________________________"
"
"
"
"
"
"
"
"
"
"
6!month!CLINICAL!EXAMINATION!
"
DATE____________"
"
Height" " ______m! ! Weight" " ______kg!
BP"(mmHg)"""________/_________"
Heart"rate:""""________bpm!
" "
JVP:""" " normal!raised! ! markedly!raised!(>10cm)!
"
Murmur" none!! ! systolic!diastolic!____________________!
"
3rd"HS" " Y/N! ! 4th"HS" " Y/N!
"
Chest" " normal!! !
crepitations! ! wheeze!
reduced!breath!sounds!dull!to!percussion!
"
P."oedema:" none! mild!(ankle)' moderate!(knee)! severe!(thigh4sacral)!
"
Comments:"____________________"
!
!
!
6!month!INVESTIGATIONS!
!
Date__________"
Comments"(free"text)___________________________________________________"
!
Blood"tests"!"
BNP"(pmol/L)" " _________________!
!!
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TGF"beta" " _________________"
ANP" " """""""""""""""________________"
!
ECG!! "
QRS"rate"(bpm)"" " ______"
Rhythm"at"evaluation:" " sinus,!AF,!AT,!other!_______"
"
ECHOCARDIOGRAM!! !
!
AF!SYMPTOM!SCORE!! !!!!Score"_____"
"
CHADSVASC!!! !!!!Score!_______!
"
SF!36!QUESTIONNAIRE!! !!!!Score"______!
!
AMBULATORY!ECG!MONITORING!!! !
!!
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FollowXUp!9!MONTHS!
!
Major!adverse!event:" " " Y/N"
"
Any"unplanned"hospital"admission?" Y/N""________________________"
"
Significant"clinical"event?" " Y/N"________________________"
!
!
!
!
!
!
!
!
!
!
!
!
9!month!CLINICAL!EXAMINATION!
!
DATE____________"
"
Height" " ______m! ! Weight" " ______kg!
BP"(mmHg)"""________/_________"
Heart"rate:""""________bpm!
" "
JVP:""" " normal!raised! ! markedly!raised!(>10cm)!
"
Murmur" none!! ! systolic!diastolic!____________________!
"
3rd"HS" " Y/N! ! 4th"HS" " Y/N!
"
Chest" " normal!! !
crepitations! ! wheeze!
reduced!breath!sounds!dull!to!percussion!
"
P."oedema:" none! mild!(ankle)' moderate!(knee)! severe!(thigh4sacral)!
"
Comments:"____________________"
!
!
!
!
9!MONTH!INVESTIGATIONS!
"
Date__________"
Comments"(free"text)___________________________________________________"
!!
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!
!
ECG!! "
QRS"rate"(bpm)"" ______"
Rhythm"at"evaluation:" " sinus,!AF,!AT,!other!_______"
"
CARDIAC!MRI!"!"
!
AF!SYMPTOM!SCORE!! !!!Score"______!
!
CHADSVASC!!! !!!!Score!_______!
"
SF!36!QUESTIONNAIRE!! !!!!Score"_______"
!
AMBULATORY!ECG!MONITORING!!! ! !
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!!
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Final!visit!12!MONTHS!
!
Major!adverse!event:" " " Y/N"
"
Any"unplanned"hospital"admission?" Y/N""________________________"
"
Significant"clinical"event?" " Y/N"________________________"
!
!
!
!
!
!
!
!
!
!
!
!
12!month!CLINICAL!EXAMINATION!
!
DATE____________"
"
Height" " ______m! ! Weight" " ______kg!
BP"(mmHg)"""________/_________"
Heart"rate:""""________bpm!
" "
JVP:""" " normal!raised! ! markedly!raised!(>10cm)!
"
Murmur" none!! ! systolic!diastolic!____________________!
"
3rd"HS" " Y/N! ! 4th"HS" " Y/N!
"
Chest" " normal!! !
crepitations! ! wheeze!
reduced!breath!sounds!dull!to!percussion!
"
P."oedema:" none! mild!(ankle)' moderate!(knee)! severe!(thigh4sacral)!
"
Comments:"____________________"
!
!
!
!
!
!
!
!!
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12!MONTH!INVESTIGATIONS!
"
Date__________"
Comments"(free"text)___________________________________________________"
!
!
ECG!! "
QRS"rate"(bpm)"" ______"
Rhythm"at"evaluation:" " sinus,!AF,!AT,!other!_______"
"
CARDIAC!MRI!"!"
"
ECHOCARDIOGRAM!!! !
!
AF!SYMPTOM!SCORE!! !!!Score"______!
!
CHADSVASC!!! !!!!Score!_______!
"
SF!36!QUESTIONNAIRE!! !!!!Score"_______"
!
AMBULATORY!ECG!MONITORING!!! ! !
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!!
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Case!report!form!for!CASAXAF!RF!ablation!procedures!
!
1
Patient"Study"ID!_______________!! !!!RFA"number!!!!!!!1!!!!!!2!!!!!!! !!!!!Site""""""""HH!!/!RBH!
Date"____/____/________! Operator"1"________________"Operator"2"___________________"
3D"mapping"system:""NavX!Velocity/!CARTO! !
Procedure"time"(min)"_____________""""Ablation"time"(sec)"____________"""" Saline"dose"(ml)___________"
Heparin"dose"(IU)_______________""""""Fluoroscopy"time"(min)"____________""Dose"Area"Product"(cGycm2)"________"
Baseline"rhythm" """AF,!SR,!AT/flutter!
"
!
!
!
Start!time"______________"""Femoral!access!time"___________________""Transeptal!x2!access!time""_______________"
RA!geo________"O_________"RACFE_________"O__________""LA!geo_________"O_________""LA!CFE_________O___________"
"
Time""
StartOOOend"
" Tick"if"
done"
Block" Cumulative"RF"
time"(sec)"
AFCL"after'stage'(ms)" CFE"map"
LAA" RAA"
""""""""""""""" Baseline! " " " " " "
!!!!!!!!!!!!!!!!! PVI! " Y/N" " " " "
! Roof!line! " Y/N" " " " "
! MVI!line! " Y/N" " " " "
" Epicardial"CS" " " " " " "
! CFAE" " " " " " "
" Other"(redo)"
___________"
" " " " " "
" SVC"iso"(redo" " " " " " "
! CTI"(redo)" " Y/N" " " " "
"
End"time"(sheaths"out)"_____________________"
Termination"of"AF" No!! To!AT!(__________________________________________________)! !To!SR" "
DCCV"required>SR""No" Yes!–!successful!! Yes!–!unsuccessful!(___________________________)! ! !
Comments"(free"text)!
____________________________________________________________________________________________________"
Procedural"complications"(up"until"discharge"form"hospital)"""
None!/!Stroke!or!TIA!/!Tamponade!/!Vascular!/!other_____________________________________________________!
Rhythm!at!discharge!! SR! AF!! AT!! other!________________!
ITU"stay"if"needed"(days)______________" " " " Hospital"stay"(days)"__"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
Log!all!time!points!on!Bard!–!annotate!all!geometry!and!CFE!maps!!
!!
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CASAXAF!Thoracoscopic!AF!Ablation!Protocol!
"
"
CASAOAF"Study"ID" """""""""""""""""""""""""""""""""""""""""""""""""""""""" """""""""""""Date""
"
Site"""""""""""""""""""""""""""""""""""""""""!"
"""""""
"
Operator""""
"
"
Type"of"EP"Catheter"Used"
"
"
"
Procedure"Start"Time"""
"
!
Lesion"Set"""""""""""""""""""""""""""""""""""PVI"+"GP"Ablation"+"Box"Lesion"(Superior"&"Inferior"Line)"
!
RIGHT!SIDE!
!
Baseline!PV!Testing!preXablation!!
Surgical"pen""
""""""""""""""
EP"Catheter"
"
"
"
"
"
"
"
"
"
"
"
Post!PVI!Entrance!Block"(surgical"pen"on"PV"side"of"line"–"absent"potentials)"""""
"
Initial!GP!Mapping"""""""+ve"/"Ove"
"
"
"
"
"
"
"
Right!PV!Bipolar!Clamp!Ablations!!!!!!!!(document"no."of"seconds"for"each"application)!
"
"
"
"
"
Total"No"of"Applications"
"
Inferior!Box!Line!Ablation!!!!!!!!!!!!!!!!!!!!!!(document"no."of"seconds"for"each"application)!
!
!
!!
257!
"
"
"
"
"
"
"
"
"
"
"
!
"
"
"
"
"
"
"
"
"
"
Post!Ablation!GP!Mapping""+ve"/"Ove""""""(should"have"no"remaining"vagal"effect)"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
LEFT!SIDE!
!
Baseline!PV!Testing!preXablation!!
Surgical"pen""
""""""""""""""
EP"Catheter"
!
!
!
"
"
"
"
"
Total"No"of"Applications"
!
GP!Ablation!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!(document"no."of"seconds"for"each"application)!
"
"
"
"
"
Total"No"of"Applications"
!
Superior!Box!(Roof)!Line!Ablation"""""(document"no."of"seconds"for"each"application)""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""(line"done"from"LSPV"towards"RSPV)"
"
"
"
"
"
"
Total"No"of"Applications"
"
Left!PV!Bipolar!Clamp!Ablations!
"
!!
258!
"
"
"
"
"
"
"
"
"
!
!
Post!PVI!Entrance!Block""
Surgical"pen"O"PV"side"of"line""
EP"Catheter"
"
"
"
"
DCCV!to!SR!(No."of"times"and"Joules"used)!
!
!
!
!
Box!Lesion!Entrance!Block""O"Surgical"Pen"/"EP"Catheter"within"Box"–"Quiet?"
!
Box!Lesion!Exit!Block!
Pace"within"box"to"show"outside"of"box"(PV"antrum)"is"not"capturing"
"
Left!PV!Exit!Block!
Pace"PV"side"of"PVI"line"to"show"body"of"atrium"(via"surface"ECG)"not"capturing""
"
"
SWITCH!BACK!to!RIGHT!SIDE!FOR!TESTING!!
!
Right!PV!Exit!Block!
Pace"PV"side"of"PVI"line"to"show"body"of"atrium"(via"surface"ECG)"not"capturing"
"
"
ReXtest!Right!PV!Entrance!Block!with!EP!Catheter!
"
"
"
!
Complications"
"
"
"
"
"
"
Total"No"of"Applications"
!
!
!!
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"
"
"
Notes"
"
"
"
"
Finish"Time"""
"
"
Total"Time"!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!
!
!
!!
260!
EHRA!Score!
!
!
!
!
!!
261!
!!
262!
!!
263!
!!
264!
!
!!
265!
!!
!!
266!
!!!
!!
267!
!!!!!!
!!
268!
!!
!!
269!
!!!
!
!!
270!
!!!
!!
271!
!!!!!!!!!!!
!
!
!
!!
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